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Picture of a man 
trying to 
wreck a train 


Railroad trains have been clocked at speeds as high as 111 
miles an hour. Most trains on open stretches run on a schedule 
that exceeds 60 miles per hour. Isn't it remarkable, when you 
think of it, that nobody ever wonders whether the wheels will 
hold up? For many years we have made this our concern so that 
it would never have to be yours. 

To make sure that fast trains will also be safe trains, U. S. 
Steel research teams carry on a continuing study of railroad 
wheels at the U. S. Steel Research Center at Monroeville, Pa. 
Wheels of the type used in high-speed service are subjected to 
the toughest trials which can be administered on the world's 
largest inertia dynamometer, Here wheels are driven at speeds 
equivalent to 160 mph, with the dynamometer generating 68V2 
million foot-pounds of energy—enough to lift a 34.000-ton ocean 
liner one foot in the air. These tests show us the minor revisions 
in design which enable us to maintain the wide safety margin 
for the ever-increasing speed of operation. Today's wheels would 
provide complete safety at train speeds which are, as of now, 
impossible to attain. 

This is only one of hundreds of research projects at U. S. 
Steel directed toward tomorrow's super products. And research 
is only part of the job of making, shaping, treating steel. It’s 
a big job and we need good people to help us—people with your 
kind of training. 

More of our story is told in the booklet, “Paths of Oppor¬ 
tunity," which you can obtain by writing to United States Steel, 
Personnel Division, Room 1662, 525 William Penn Place, Pitts¬ 
burgh 30, Pennsylvania. 

VSS is a registered trademark 






A Division of Northrop Aircraft, Inc. 

BUILDERS OFTHE FIRST INTERCONTINENTAL GUIDED MISSILE 


“They all agree.. 


NORTHROP 


"Since the day we decided to get married, I've been 
doing a lot of thinking about our future. It’s time I 
made a choice on a career. I've talked to the Dean of 
Engineering, most of my professors, and to some of the 
fellows who have graduated, and you know, they all 
said the same thing. 

"They all agree that the aircraft and missile industry 
holds the best opportunities and the brightest future for 
an engineer these days. What they said makes sense, 
too, because developments in this field today really give 
a fellow an opportunity to make important 
tions on vital projects. 

"Not only that, but the aircraft industry is noted for 
its good salaries. Generous benefits, too. And advance¬ 
ment in both salary and position is limited 
far 1 want to go." 

U nlimited opportunities, high salaries, company-paid 
benefits unheard of until a few years ago — these 
are only a few of the reasons why so many young engi¬ 
neers with a keen eye to the future are choosing the 
aircraft industry. 

It is only natural that many engineering graduates 
should consider joining Northrop Aircraft, Inc., be¬ 
cause the company shares its many successes with eygryw 
member of its engineering and scientific team. Ad¬ 
vanced projects at Northrop are now in production, and 
active top-priority projects mean rapid advancement 
and success for the individual engineer. 

Such projects include the famous Snark SM-62, 
world’s first intercontinental guided missile, now 
activated in the first United States Air Force 
squadron; the USAFT-38 supersonic 
vanced trainer; and other important 
manned aircraft weapon systems and components. 

Engineers in more than thirty categories contribute 
to Northrop’s success in an ideal environment with the 
latest tools of science, in its new Engineering Science 
Center. Here you will work with leading scientists and 
engineers who respect, acknowledge, and reward your 
individual ideas and abilities. 

Why not write us now ... regardless of your class at 
college. Ask us how you might best gain a career with 
Northrop. Write to Manager of Engineering Industrial 
Relations, Northrop Division, Northrop Aircraft, Inc., 
1033 East Broadway, Hawthorne, California. 
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Vilfredo Pareto...on the lifetime of theories 


"7 ke Iogico-experimental sciences are made up of 
a sum of tkeories wkick, like living creatures, are 
born, live, and die, tke young replacing tke old, tke 
group alone enduring. As witk living beings, tke 
lifetimes of tkeories vary in lengtk and it is not 
always tke long-lived ones tkat contribute most to 


tke advancement of knowledge. Faitk and meta- 
pkysics aspire to an ultimate, eternal resting-place. 
Science knows tkat it can attain only provisional, 
transitory states. Eack tkeory fulfils its function, 
and tkere is notking more to ask of it.’ 

i—'Traite de Sociologie Generate, I9t9 


THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 

A nonprofit organization engaged in research on problems related to national security and the public interest 
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IN THIS ISSUE 



On our cover -a portrait of Linus 
Pauling, chairman of Caltech’s divi¬ 
sion of chemistry and chemical engi¬ 
neering. taken by Tom and Muriel 
Harvey. The picture heralds another 
collection of faculty portraits by the 
Harveys, on pages 15-20 of this is¬ 
sue. This is the fourth group of these 
portraits we have run. If you’d like 
to check hack on the others, see E&S 
for December, 1957; May, 1957; and 
December, 1956. 

“The Challenge of the Space 
Age,” a worthy successor to Presi¬ 
dent DuBridge’s “Challenge of Sput¬ 
nik” (E&S —February, 1958), has 
been adapted from Dr. DuBridge’s 
keynote address at the Western Space 
Age Conference, sponsored by the 
Los Angeles Chamber of Commerce 
and held in I..A. on March 20-22. 

Robert L. Sinsheimer, who wrote 
“A Search for Simplicity” on page 
21, is professor of biophysics at Cal¬ 
tech. A graduate of MIT, where he 
received his PhD in biophysics in 
1948, he was on the faculty of Iowa 
State College from 1949 until 1957- 
when he came to Caltech. 

PICTURE CREDITS 

Cover, pps. 1 5*20 Harvey 

p. 30 Graphic Arts 
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EAGLE "CrtEffll * SEflCEO" TURQUOISE 'i>fcmum6 


EAGLE TURQUOISE 3379 


are your pencils 
as sharp as 
your perspectives 


Efficiency reaches the vanishing point when EU'' 

you work with an inferior pencil—but hits 
a new high when you pick up an Eagle 
TURQUOISE. This is the drawing pencil that 
ranks first with professionals, and these are 
the reasons: 1. It gives you uniform grading 
(17 scientific formulas guarantee exactly the 
blackness you want—from every pencil, every time!). 

2. It takes a strong non-crumbling needle point 

that stays sharp for line after long line of unchanging width 

3. You get inimitable smoothness—thanks to Eagle's 
exclusive "Electronic" graphite. TURQUOISE makes 
your perspectives look sharp—and you, tool 


PENCILS, 
LEADS AND 
HOLDERS 


are the largest-selling in the United States! 


WRITE FOR FREE SAMPLE Turquoise 
wood pencil and Cleantex Eraser, 
naming this magazine—or buy any 
oi these drawing instruments from 
your favorite dealer. 


T:' 

L Eh N rEX ■ 


• TURQUOISE CLEANTEX ERASER: 
Super-soft, non-abrasive rubber. 


• TURQUOISE DRAWING PENCILS: With 100% - "Electronic" graphite. 17 grades, 6B through 9H 


TURQUOISE LEAD HOLDERS: Hold any grade of Turquoise lead—so firmly that lead cannot be pressed back. 
• TURQUOISE DRAWING LEADS: Fit any standard holder. Grades SB through 9H. 


EAGLE PENCIL COMPANY . NEW YORK . LONDON . TORONTO • MEXICO • SYDNEY • 80G0TA 
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a KEY Factor 
at Bendix 


If you are an engineer of promise, a 
promising future may await you in one 
of twenty-six divisions in one of the 
nation’s largest and rruost diversified 
enterprises—Bendix Aviation Corpora¬ 
tion. For engineering is a key factor at 
Bendix. That is why Bendix has a con¬ 
tinuous need for the best engineering 
talent available. And that is why you 
should investigate Bendix career oppor¬ 
tunities now, without further delay. 

Opportunities await qualified engi¬ 
neers in such fields as electronics, 
electromechanics, ultrasonics, systems, 
computers, automation and controls, 
radar, nucleonics, combustion, air navi¬ 
gation, hydraulics, instrumentation, 
propulsion, metallurgy, communica¬ 
tions, carburetion, solid-state physics, 
aerophysics and structures. 

Check with your Placement Direc¬ 
tor for information regarding Bendix 
opportunities and interview dates, 
or write to Dr. Gerald A. Rosselot, 
Director of University and Scientific 
Relations, Bendix Aviation Corpo¬ 
ration, 1108 Fisher Building, Detroit 
2, Michigan. 


A thousand products 



AVIATION CORPORATION 
Fisher Bldg., Detroit 2, Mich. 


a million ideas 


S 
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Books 


Puzzle-Math 
by George Gamow 
and Marvin Stern 

The Viking Press, N.Y. $2.50 

A couple of years ago George 
Gamow, professor of physics at the 
University of Colorado, and author 
of a series of deservedly popular 
science books (The Birth and Death 
of the Sun, Biography of the Earth, 
One, Two, Three . . Infinity, and The 
Creation of the Universe) spent a 
summer in San Diego as a consultant 
to Convair. 

In this position Dr. Gamow had to 
confer a good deal with Marvin 
Stern, technical assistant to the vice 
president of Convair. The two men 
had offices on different floors, so they 
became heavy users of the elevators, 
and they soon noticed a curious 
thing: Whenever one of them start, 
ed out for the other’s office, the first 
elevator that came by was almost al¬ 
ways going in the wrong direction. 

Direct action 

Now, maybe this wasn’t a particu¬ 
larly original observation; it must 
have occurred to everybody at some 
time or other. The difference is that, 
where most people just indulge in a 
little swearing and then forget the 
whole thing, Gamow and Stern have 
done something about it; they have 
written a book. 

In the course of solving the ele¬ 
vator problem (it’s in the book, on 
page 59) the two men discovered 
that they had a mutual weakness for 
mathematical puzzles—and this book 
is the result. 

There are some 30-odd brain-twist¬ 
ers here, presented in the form of 
short stories. (Dr. Gamow, of course, 
could be counted on not to present 
anything in school textbook style.) 
This technique manages to trap those 
people who are still nervous in the 
presence of mathematics by involv¬ 
ing them in the problems rather than 
in sets of figures. 
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Puzzle addicts can count on this 
book for several long, sleepless 
nights. It is dedicated to a famous 
addict — “Theodore von Karman, 
who likes puzzles.” 

Fantasia Mathematica 

edited by Clifton Fadiman 

Simon & Schuster, N.Y. $4.95 

In his introduction to this an¬ 
thology, Mr. Fadiman claims that 
the stories and oddments he presents 
here are not suitable for mathema¬ 
ticians, “who will be bored by their 
naivete.” Even non-mathematicians 
may not learn much mathematics 
from them, Mr. Fadiman says, “but 
they may lead readers like myself, 
curious but unlearned, to create a 
better image of a few mathematical 
ideas.” 

Odd numbers 

The book is divided into three sec¬ 
tions. The first (called “Odd Num¬ 
bers” because the material is drawn 
from writers not usually associated 
with the field of mathematics) in¬ 
cludes short stories by Karel Capek 
and Aldous Huxley, mathematical 
snippets from novels by Arthur 
Koestler, James Branch Cabell and 
H. G. Wells, and even one of Plato’s 
Socratic dialogues. 

The second section of the book 
(“Imaginaries”) consists of 16 short 
stories. Most of these come from the 
science-fiction field, but there is also 
one of William Hazlett Upson’s Al¬ 
exander Botts stories from the Satur¬ 
day Evening Post, and the late Rus¬ 
sell Maloney’s New Yorker classic 
about the man who decided to test the 
mathematical cliche that six chim¬ 
panzees, pounding six typewriters at 
random, would eventually write all 
the books in the British Museum. 

The book ends with a miscellany 
of poems, paragraphs and jokes. All 
in all, it’s a graceful collection, a 
beguiling book—even for mathema¬ 
ticians. 


Why Vought Projects 
Bring Out The Best 
In An Engineer 

At Vought, the engineer doesn’t often 
forget past assignments. Like all big 
events, they leave vivid memories. 
And it’s no wonder. 

For here the engineer contributes to 
history-making projects — among 
them the record-breaking Crusader 
fighter; the Regulus II missile, chosen 
to arm our newest nuclear subs; and 
the new fast-developing 1,500-plus- 
mph fighter, details of which are still 
classified. 

The Vought engineer watches such 
weapons take shape. He supervises 
critical tests, and he introduces the 
weapons to the men with whom they 
will serve. 

Engineers with many specialties share 
these experiences. Today, for exam¬ 
ple, Vought is at work on important 
projects involving: 

electronics design and manufacture 
inertial navigation 

investigation of advanced propulsion 
methods 

Mach 5 configurations 

Vought’s excellent R&D facilities 
help the engineer through unexplored 
areas. And by teaming up with other 
specialists against mutual challenges, 
the Vought engineer learns new fields 
while advancing in his own. 

★ ★ ★ 

Would you like to know what men 
with your training are doing at 
Vought. . . what you can expect of a 
Vought career? 

For full information, see our repre¬ 
sentative during his next campus visit. 

★ ★ ★ 

Or write directly to: 

C. A. Besio 

Supervisor, Engineering Personnel 

Dept. CM-7 
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The Missile Engineer with undersea legs 


Jack Welch felt honored when he was tossed, fully 
clothed, into the Navy’s sub harbor at Port Hueneme, 
California. In their own rugged way, submariners were 
extending him their thanks. He’d been a big help in 
the introduction of Chance Vought’s Regulus I missile 
to the Navy’s Undersea Fleet. 

Months before his ceremonial splash, Jack had accom¬ 
panied the Regulus aboard the submarines Tunny and 
Barbero as a representative of Vought’s Missile Oper¬ 
ations Engineering Group. A veteran of the Regulus 
flight test program and a collaborator on the con¬ 
version of the subs to missile carriers, Jack brought 
knowledge the Navy welcomed. Likewise, the Navy 
crews were to share with Jack some equally valuable 
experience. 

Jack, with the submarines Tunny and Barbero, cruised 
the East and West Coasts, performed over 200 dives, 
and once prowled far west of Hawaii. The missile man 
helped the undersea crews complete initial checkouts 
of Regulus support equipment — culminating in the 
first missile launch ever made from a submarine. Then 
they went about solving environmental and supply 
problems that arose during tests. Jack added to his 
mechanical engineering experience a valuable store of 
electrical, weapon systems and Navy knowledge. 

Back in home port, on the Tunny’s quarter-deck, with 


a full crew assembled, submarine officers reviewed 
Jack’s contributions. He’d gone beyond his duty as a 
technical advisor, they concluded. He’d become an 
expert submariner as well. In fact, he’d qualified for 
the Silent Service’s Gold Dolphin insignia . . . and all 
hands would proceed at once with the traditional 
initiation. That’s when Jack took his plunge. 

Today, Jack divides his time between Chance Vought 
and a half-dozen Navy shipyards. His job is to see 
that current missile and ship design is meeting the 
missile needs of the Fleet. Problems are many, but 
Jack maintains there’s a solution for each. “That’s a 
lesson 1 learned from the submarine forces,” he said. 
“They gave me a real indoctrination in a can-do atti¬ 
tude under actual operating conditions.” 



At Chance Vought the missile engineer belongs to a 
team that already has experienced every conceivable 
missile problem, from development to operational 
readiness. Here, current assignments range from the¬ 
oretical work to the introduction of complete missile 
Bystems to the Fleet. 


C HA N O ^--- 

"- Jf/GUGJJ'T JkTRGRJIJTjr 

^ $NCOAAORAT£D - DALLAS. T £ X A S 
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IMAGINATION AT WORK—Young CM Research Engineer Bill Ahrens. B.S. '52, M.S. ’56, and Worth 
Percival (r.), Assistant Head of Mechanical Development at GM Research, working on the free-piston- 


powered XP-500 automobile. Bill is on the team studying the future applications of the free-piston engine. 


Because engineering is a profession at GM- 
we give your imagination free rein 


C — COMMENCEMENT is just around the corner—you’ve 
probably decided what specialty you wish to follow 
in your chosen branch of engineering—possibly picked 
the company you’ll join. 

But if you haven't committed yourself and have received 
an offer from General Motors—or get one in the next 
few days or weeks—you might hear this irt mind: 

Engineering is a profession at GM. And the engi¬ 
neers who work on our hundreds of products—which 
involve the entire spectrum of the engineering art — 
are respected as professional men. 

To a young engineer just joining us. this means the 
freedom to pursue paths of professional inquiry- 
following the lead of his imagination. 

It means an opportunity to associate with some of the 
most respected and distinguished engineers in the 
country. 

And it means playing a part in developing the products 
which will keep GM on its progressive path—products 


produced by 35 Divisions and 126 plants in 71 cities 
and 19 states. 

GM has 33 Vice-Presidents—14 are engineers. We have 
42 Division General Managers—23 are engineers. 

Professional recognition, opportunity without limit, 
salaries and working conditions to please young engi¬ 
neers—these are what GM offers you. 

Better think seriously of this when laying the founda¬ 
tion for your future. 

» © » 

GM positions now available in these fields! 
MECHANICAL ENGINEERING • ELECTRICAL ENGINEERING 
INDUSTRIAL ENGINEERING . METALLURGICAL ENGINEERING 
AERONAUTICAL ENGINEERING • CERAMIC ENGINEERING 
MATHEMATICS • INDUSTRIAL DESIGN • PHYSICS . CHEMISTRY 

General Motors Corporation 

Personnel Staff. Detroit 2, Michigan 
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Put your creative ability to work at 

WESTINGHOUSE 


Where engineering talent is recognized 



AIMS TORPEDOES. C. H. Jones (Northwestern—EE) 
is Assistont Department Manager of electronics and 
nuclear physics department. He recently invented 
a new device for underwater acoustics applica¬ 
tions. While at Westinghouse he has supervised 
varied research projects on color TV, antennas, micro 
waves, radar and sonar. 


BATTLEFIELD RADAR. J. W. Currie (U. S. Naval Academy—EE) 
and C. J. Miller (Virginia Poiytech—EE) check fabric of the 
huge Westinghouse paraballoon, which they developed with 
the help of Cornell Aeronautical Laboratories. This lollypop¬ 
shaped device, more than 30 feet high when inflated, makes 
possible for the first time a lightweight, mobile radar antenna 
which can be set up near the front lines to support ground 


ATOMIC FLEET ENGINEER. P. N. Ross (Harvard 
— EE) is assistant manager of Large Ship Reactor 
Project for Westinghouse. He joined the com¬ 
pany as a graduate student, rose rapidly in 
nuclear work. Mr. Ross played a key role in 
development of USS Nautilus, the first atomic 
submarine. 


troops in battle. 






• i 




HEADED NEMA. J. H. Jewell (Pratt TURBINE EXPERT. C. C. Franck Sr. (Johns UTILITY “DOCTOR.” As head of the Westinghouse AIEE PRESIDENT. A. C. Montieth 

Institute—ME) headed National Hopkins—MME) is consulting engineer Electric Utility Engineering Section, J. K. Dillard (Queen's University, Kingston, 

Electrical Manufacturers Associa- in Westinghouse Steam Division. His (Georgia Tech.—EE) helps diagnose ills and treat Ontario) was 1954-55 president 

tion in 1954-55. He is Westing- research helped develop the Normandy problems of 220 electric utilities across the nation. of AIEE. He is vice president in 

house vice president in charge invasion fleet. He is an internationally- AC calculating board in background is largest com- charge of all Westinghouse ap- 

of marketing. known authority on steam turbines. puter of its kind in industry. paratus products divisions 



MOST EFFICIENT POWER STATION J.W. Batchelor (Purdue—EE), MODERN-DAY PIONEER. Dr. R. A. Ramey, Jr. 

head of Westinghouse Turbine Generator Engineering Dept., (U. of Cincinnati—EE), is a pioneer in magnetic 

looks over the equipment which he helped to develop at Kyger amplifiers. Joining Westinghouse in 1952 as a 

Creek (Ohio) power station. The Federal Power Commission section engineering manager, he is now mana- 

labelled this the most efficient station in the nation for 1955. ger, new products department. He also had 

Four Westinghouse turbine generators, each rated at 217,260 an important part in guiding the development 

kilowatts, are there. of Cypak, the Westinghouse industrial control 

unit that thinks, decides and remembers. 


WINS LAMME MEDAL OF AIEE The Lamme Medal, 
one of the nation's top honors in electrical engineer¬ 
ing. was won in 1955 by Dr. Clinton R. Hanna, 
(Purdue—EE) associate director of Westinghouse 
Research Laboratories. Left to right: Dr. John A. 
Hutcheson, (North Dakota — EE), Westinghouse vice 
president in charge of engineering; Dr. Hanna; 
and M. D. Hooven, AIEE head. Seven other West¬ 
inghouse engineers have won the Lamme Medal 
and 1 1 others the AIEE's Edison Medal. 


ouse 


FIRST WITH THE FUTURE 



















a forthcoming book of particular interest to the readers of 

ENGINEERING AND SCIENCE 


Frontiers in Science 


Thirty-one articles of interest to scientists and engineers, 
all originally published in this magazine. 


Edited by Edward Hutchings, Jr. 
with editorial commentary and interpretations 
by George W. Beadle, Harrison Brown, and Hunter Mead 
and an Introduction by L. A. DuBridge 


Frontiers in Science —presenting contributions 
by twenty-eight Caltech faculty members and 
research investigators and distinguished visitors 
to the campus—will be published in May, 1958 
by Basic Books, Inc., New York, at $6.00. 

Spanning the world of science and technology 
and its relation to social forces, the contents 
include such articles as: The Origin of Life 
(Norman H. Horowitz) ; Birth and Death of a 
Star (Allan Sandage) ; The Value of Science 
(Richard P. Feynman) ; Forecasting the Future 
(Sir Charles Darwin); The Structure of Pro¬ 
teins (Linus Pauling and Robert B. Corey) ; 
The Size of the Universe (E. Hutchings, Jr.) ; 
The Relation of Science and Religion (Richard 
P. Feynman) ; The Genetic Effects of Irradia¬ 
tion on Human Populations (A. H. Sturtevant); 
The Inhabitants of Mars (Frank Salisbury); 


The Place of Technology in Civilization (Fred 
Hoyle); and other contributions by J. Robert 
Oppenheimer, Alfred Stern, James M. Kendall, 
Henry Borsook, Lyman Fretwell, Arthur W. 
Galston, Harry Rubin, Elting E. Morison, R. 
W. Sperry, John S. Stamm, James Bonner, 
Hugo Benioff, Frank Press, Albert G. Wilson, 
Margaret and Geoffrey Burbidge, Ira S. Bowen, 
L. A. DuBridge, Linus Pauling and Fred Hoyle. 

“Here, in the language of the adventurers 
themselves,” as Dr. DuBridge writes in his 
Introduction, “are stories of conquest, of battles 
now being fought on various salients of the 
advancing front of science”—a vivid and rep¬ 
resentative picture of life, work, and thought at 
the California Institute of Technology today. 

368 pages, 45 illustrations, $6.00 


Orders may be placed at the Caltech bookstore or with the publisher, 
Basic Boohs, Inc., 39 Fourth Ave,, New York 5 . 
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The Challenge of the Space Age 

Separating the sense from the nonsense about space travel 


by L. A. DuBridge 


Within the past few months the space age has dawned. 
Many people of varying degrees of competence have ven¬ 
tured to peer into the future and make predictions as to 
where we are going. Needless to say, these predictions do 
not all agree with one another—and yet, to some extent, 
to visualize the challenges of the space age we must make 
a choice as to which of these predictions we are going to 
believe. 

Now who am I to try to make such a choice ? I am not 
a rocket technologist or a space engineer. But the prob¬ 
lem of calculating approximate satellite orbits in space 
is a simple problem in classical physics! The theory was 
all worked out by Kepler and Newton nearly 300 years 
ago—and no quantum mechanics or relativity or meson 
theory or similar eTudite subjects are necessary to under¬ 
stand the elements of the problem. 

This is a very fortunate situation. We will probably be 
spending a lot of money on space technology in the com¬ 
ing years, and it is comforting to know that we need not 
be at the mercy of a lot of so-called experts. If someone 
makes a -statement about some phenomenon having to do 
with space travel, we can get the nearest high school or 
college physics teacher to tell us whether the statement is 
right or not. It may take an expert engineer to tell us 
how much some of these things are going to cost, but 
there do not need to be any mysteries about how things 
behave once they get into space. 

First, I suppose everyone realizes that the earth’s 
gravitational field does not stojf at the top of the atmos¬ 
phere 100 or so miles up. Rather, it extends for hundreds 
of thousands, even millions of miles into space, falling 
off in intensity inversely as the square of the distance 
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from the earth’s centeT. Even if we get away from the 
earth’s field we are still in the field of the sun, which 
extends out a very long way indeed. 

From these simple facts there follows at once a very 
important conclusion: There is no such thing possible as 
a stationary object in space. Everything in space is mov¬ 
ing. An object stationary with respect to the earth, for 
example, would promptly fall into the earth, pulled by 
gravity. The only objects which can stay in space are 
moving objects—specifically, objects moving in such a 
way that the gravitational force on them is, on the aver¬ 
age, balanced by a centrifugal reaction. Under these con¬ 
ditions a permanent path or orbit may be established 
about the attracting center—and such an orbit is always 
an ellipse or, in special cases, a circle, which is one kind 
of an ellipse. Stationary “space platforms” are a Buck 
Rogers myth. 

There is also a precise relation between the period of 
the orbit—that is, the time required to travel once 
around it—and its average height above the earth, or 
more precisely, its major axis. Thus, for an orbit only 
200 miles above the earth the period is always about 92 
minutes; for an orbit averaging 1,000 miles above the 
surface, the period is 118 minutes. At about 20,000 miles 
the period is 24 hours; and of course at the distance of 
the moon, 240,000 miles, the period is the moon’s period, 
28 days. 

The farther you are away from the earth, the slower is 
the speed required for a stable orbit, and the longer’ it 
takes to traverse it. 

If, for example, you wish to establish an object in a 
very elliptical orbit which goes out as far as the moon 
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and back, the period in that orbit (an ellipse whose 
major axis is about 240,000 miles) turns out to be very 
nearly 10 days—5 days out and 5 days back. 

It has now been established that modern rocket tech¬ 
nology has advanced to the point where it is possible to 
project into stable orbits about the earth objects of sub¬ 
stantial weight—say, in the near future, up to 1,000 
pounds or so. With a somewhat smaller payload the orbit 
could be sufficiently elliptical to reach to the vicinity of 
the moon. 

A scientist cannot help but be excited by this prospect. 
Every now and then new advances in technology give 
science a new tool for research. The earth satellite is a 
tool par excellence. It opens up wholly new areas of sci¬ 
entific exploration—and America has a great opportun¬ 
ity to grasp these opportunities promptly and boldly. 

Promising explorations 

Just what scientific explorations are most promising? 

To the layman who wants us to establish a colony on 
the moon next month, the experiments I have in mind 
may seem a bit less than bold. But, in contrast to some 
of the more fabulous schemes now being discussed, the 
ones I propose have the virtue of being both feasible and 
useful. 

First, from the vantage point of an earth satellite we 
can learn a great deal about our own earth. We can learn 
more about its exact shape and size and Lhe distances 
between important points. We can learn more about its 
gravitational anomalies, which are important in many 
types of geophysical explorations. Of even more prac¬ 
tical value, we can learn more about the weather. The 
great meteorological patterns of storms and air currents 
which are so difficult to see from the surface will become 
much more understandable when we have observations 
from above the atmosphere. 

The earth’s magnetic field—its nature, variations and 
origin—also constitutes a scientific puzzle which observa¬ 
tions a few hundred or a few thousand miles out into 
space will certainly help solve. To what extent is the 
field connected with electric currents in the ionosphere? 
What is the precise nature and extent of the ionosphere 
itself? How will radio waves behave when bounced off 
the top of the ionosphere? What happens as they pass 
through it? To what extent and in what way is the 
ionosphere affected by radiations from the sun—by solar 
Hares and other eruptions, for example? Can these effects 
be related to radio propagation on the earth?—to the 
weather?—to high altitude jet stream winds? 

Again, a whole book could be written about what the 
astronomers would like to do with a telescope which is 
above the atmosphere and which could see the heavens 
for the first time unaffected by the disturbances, the dis¬ 
tortions, the absorption and the stray radiations of our 
blanket of air. The problems of stabilizing a telescope on 
a satellite in order to get good pictures are not easy. And 
the problems of transmitting pictures of good quality 
back to earth, presumably through some type of radio- 
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photo technique, are even more difficult. 

But these are problems which can be solved in time, 
and there is much to be done even with relatively crude 
techniques. Man has never been able to measure directly 
the ultraviolet light from the sun, for example, since it 
is all absorbed at very high levels in the atmosphere. 
Even crude pictures of the sun taken in ultraviolet light 
would be of great interest, and would help us understand 
some of the complex processes going on in sunspots and 
solar flares. 

And then there are the cosmic ray problems, such as 
those being examined in the first U.S. satellites, Ex¬ 
plorers I and II. The effects which primary cosmic rays 
produce in our atmosphere are so complex that these 
secondary phenomena delayed for 20 years our under¬ 
standing of the true nature of the primary cosmic rays 
themselves. To observe these primaries for the first time 
on a continuous basis, completely unencumbered by the 
multiplicity of secondary phenomena which occur when 
they strike the air, will advance enormously our knowl¬ 
edge of their nature and origin—and this may help us 
unravel some of the deep puzzles about the origin and 
evolution of the universe, of our galaxy and our solar 
system. 

I have said that experiments and observations such as 
these and many more are technically feasible. Many of 
them are feasible right now with satellites weighing only 
from 50 to a few hundred pounds. But there are a num¬ 
ber of technical difficulties which will be with us for a 
long time. One, of course, is the unreliability of the 
rockets which launch these objects. These rockets are 
bound to be big and expensive devices, and it is impor¬ 
tant that we do not lose half of our experiments through 
technical failures of the rockets themselves. It will be 
some time before even a 50 percent overall reliability 
can be achieved, I am told. And 90 percent is still in the 
future. 

Providing an energy source 

An even more troublesome problem is that of provid¬ 
ing an energy source to power the various satellite ex¬ 
periments and to transmit the intelligence by radio back 
to earth. Thanks to the development of extremely sensi¬ 
tive receiving techniques, we can use radio signals from 
a satellite transmitted with a power of only 1/100 of a 
watt—provided the distance from the earth does not ex¬ 
ceed a few hundred miles. Even the 20-pound payload of 
Explorer I has enough batteries to power such a trans¬ 
mitter for two months or so. But the Explorer I satellite 
itself will stay in orbit for many years—and it is exas¬ 
perating to have all those valuable instruments, gotten 
up there at such great expense, remain completely useless 
all that time. And as we project objects farther out into 
space and put more complex equipment aboard, we will 
need not only longer life, but also much more power. 

To detect a radio transmitter which is near the moon, 
for example, may require a power not of .01 watt but of 
10 watts—1.000 times as much. We don’t need to trans- 
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mit signals all the time; we can develop more efficient 
batteries; we can put more batteries in the larger vehi¬ 
cles and use solar batteries. But the fact remains that 
the limit to how much information we can obtain from 
scientific satellites will be set primarily by the strength 
of the energy source they can carry along. Even solar 
batteries cannot provide large amounts of power in mod¬ 
erate-size units—and, of course, they cease to operate 
when the satellite enters the earth’s shadow. 

If the problem of energy sources looks pretty difficult 
for satellites requiring only a couple of watts for a few 
weeks, think of the colossal problems facing us when we 
try to plan more extensive and complex space expedi¬ 
tions. The great hero of the space age will be the man 
who invents an extremely compact device for storing 
quite large amounts of energy. None is now in sight. 

So far I have said nothing about satellites which carry 
human beings. The reason is simple. For most scientific 
explorations in space the presence of man involves quite 
unwarranted complications and expense not justified by 
what he can contribute to the success of the venture. 
True, a man makes a pretty good servo system; he could 
keep a telescope pointed at the right star, for instance. 
He could also supply a little bit of energy—by turning a 
crank connected with a dynamo to charge up a battery, 
possibly. But in return for this he demands a colossal 
price. He not only requires that we take along air and 
water and food and other things to keep him alive and 
comfortable, but he also requires fantastically expensive 
provisions to bring him back alive. 

Man against instrum.ents 

No set of instruments demands such a ridiculously 
expensive luxury. Instruments are content to coast around 
in space, unused and unattended for years, and then to 
come back to earth, if at all, in a fiery cataclysm. But 
not a man! He wants to get back to earth, and he wants 
to get back not only unburnt but essentially unjarred 
as well. 

I assure you this is not easy, and we are a long way 
from having the facilities to do it in any practical way. 
Consider a satellite vehicle rotating in an orbit some 200 
to 400 miles above the earth. Its speed will have to be in 
the neighborhood of 18,000 miles per hour, or 5 miles 
per second. Suppose this vehicle is large enough to carry 
a man, and the man now wants to return to earth. How 
does he do it? Obviously, jumping out of the vehicle with 
a parachute and an oxygen tank won’t do it. There is no 
air to affect the parachute, so our man would become 
another satellite floating alive around the earth at 18,000 
miles per hour—alive, that is, until his oxygen gave out. 

No—he’d better stay in his vehicle. He will then find 
he needs a sizable rocket motor and a good deal of un¬ 
used fuel so he can reduce his speed and lower himself 
gently into the atmosphere, where his parachute may be 
used. This is no mean trick, and it will require a 
large amount of rocket propellant—all of which will 
have had to be a part of the payload with which he was 
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launched in the first place. So the initial payload will 
have to be, not a few hundred pounds, but many thou¬ 
sand pounds—and, of course, the size of our launching 
rocket has increased proportionately. 

But let us interrupt our discussion of the scientific 
uses of space satellites at this point and ask what other 
uses such vehicles have. We think at once of possible 
military uses and then of the use for space travel, or 
space adventure. Whether the human being is of any use 
for scientific observations or not, human beings are going 
to insist someday on taking journeys out into space. The 
spirit of human adventure cannot be suppressed, no 
matter what it costs. Granted adequate resources and 
adequate time for technological development of the nec¬ 
essary equipment, men can certainly be projected into 
orbits around the earth someday, and eventually into 
orbits which go far from the earth. There is nothing 
about space travel which man can’t stand—except per¬ 
haps the expense. Provided he is housed in a suitable 
container supplied with oxygen, water, food, and suitable 
temperature controls, there is nothing in space that will 
hurt him. On long journeys he is more likely to die of 
boredom than anything else. 

Landing on the moon 

But when we talk about landing a man on the moon 
or Mars or some other planet, and then getting him off 
again and back home safely, we are talking about a new 
order of magnitude of difficulty and cost. To land safely 
on the moon will take the same sort of rocket equipment 
that would be required to lower him back to the earth. 
The gravitational force on the moon is smaller, so that 
will help, but also there is no atmosphere on the moon 
to support a parachute. Hence the entire vehicle will 
have to be lowered gently to the moon’s surface using 
the rocket blast alone—like the landing of a vertical- 
take-off jet plane. Then there will have to be enough 
fuel for the vehicle to take off again, get projected into 
an earth-bound orbit, and there will still have to be 
enough fuel left over to lower the vehicle gently into the 
earth’s atmosphere. 

During all this time the man has had no access to any 
supplies of oxygen, water, food and energy other than 
what he carried with him on take-off. And the entire 
round-trip in the best orbits for the purpose would con¬ 
sume not less than 10 days. I will leave it to some rocket 
experts to calculate what payload would have to be 
lifted from the earth for such a journey—and how many 
millions of pounds of initial thrust it would take to do it. 
There is nothing impossible about it, you understand. It 
will just take a Jot of money and a long time. Whether 
it is worth it or not depends on our concept of the values 
to be achieved. 

Clearly, a man landing on the moon and coming back 
could bring valuable scientific information, such as 
samples of the moon’s surface (if he didn’t get roasted 
or frozen while on the moon’s surface, which boils water 
in the daytime and freezes carbon dioxide into dry ice 
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at night). His visual and photographic observations 
would be of great scientific interest. I think, however, 
that most responsible scientists (not counting the Space 
Cadets) would feel that we could collect plenty of scien¬ 
tific data about the moon during the next few years by 
cheaper methods. 

What about the military value of space travel? 

Obviously, military ballistic missiles which will hit 
accurately any point on the earth from bases in the 
United States, with payloads of 1,500 pounds or more, 
are very important military weapons. Nothing should 
impede our efforts to develop and manufacture them 
and continue to try to make them cheaper, more reliable 
and more effective. That, in itself, is a big job which will 
take a lot of talent and money during the coming years. 
That is the challenging job which American industry 
and American technology must not lose sight of. 

Obviously, also, the rocket techniques which will 
carry sizable warheads on trajectories of 5,000 miles or 
so on earth are also automatically adequate, with but 
moderate changes, to launch earth satellites of a few 
hundred pounds weight, more or less, into orbits around 
the earth—and even out to the moon or beyond. 

Military satellites 

What military value will such satellites have? 

First, they will make fine reconnaissance vehicles. 
With suitable optical and telemetering equipment, they 
will provide interesting pictures of most of the earth’s 
surface every few days, if the orbit is properly chosen. 
Let’s hope we can load enough batteries aboard so we 
won’t have to send up a new vehicle every two weeks or 
so because the old one’s batteries have run down. 

Second, our military satellite will be good for weather 
observations—and military men always seem to be 
interested in the weather. 

That, as far as I can see, is about the end of the story 
on the military value of earth satellites. Probably some 
communication techniques will be worked out; possibly 
someone can figure a way to use satellites for radar 
antennae. But as weapon delivery systems they are clearly 
not very interesting. You can’t drop a bomb from a 
satellite; it just won’t drop! And to project a bomb to 
earth accurately is most difficult. You may not have to 
treat the bomb quite so gently as a man, but you do have 
to land it at exactly the right place. Besides, the ballistic 
missiles we already have, which started all the excite¬ 
ment in the first place, are quite adequate weapon car¬ 
riers—a lot more accurate, cheaper, more reliable, more 
flexible, and more instantly available for use than any 
satellite could be. 

Thus, the military value of developing very large 
rockets (of a million pounds thrust or more) solely for 
the purpose of launching very large satellites would 
appear to be very small in the immediately foreseeable 
future. 

What about a military base on the moon? 

There have been some extraordinary statements made 
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on this question in recent months. Here is a typical one 
from a Sunday newspaper supplement, in an article by 
a Washington correspondent: “A base on the moon with 
elaborate equipment and highly-trained men (What are 
the men breathing, I wonder?) would be an observa¬ 
tion post surpassing anything military strategists have 
dreamed of in history.” (I am not familiar with military 
strategists’ dreams—but I do know that from the moon 
only one side of the earth faces you at a time, and for a 
good fraction of each month that face will be in total 
darkness. Much of it will probably be covered by clouds 
anyway—and anyone who thinks he can see manmade 
objects from 240,000 miles away is a bit optimistic.) 

But the quote goes on: “It (the base on the moon) 
could launch weapons of great destruction (the very same 
weapons we’ve got right here on earth now. I’ll bet you) 
with terrible accuracy (terrible is right) on any target 
on earth. It could also be done without the slightest fear 
of retaliation. (Retaliation against what? Nobody on the 
moon could stop the enemy from wiping out New York, 
Washington and Los Angeles.) For us, reaching the moon 
first is a defense necessity.” 

That’s what the man said! It is my firm opinion that 
this is utter nonsense. It is nonsense for many reasons. 
I will mention only three: 

1. Why transport a hydrogen warhead, together with 
all men and equipment for establishing and maintaining 
a base, 240,000 miles to the moon, just to shoot it 240,- 
000 miles back to earth, when the target is only 5,000 
miles away in the first place. I can think of no gain that 
is worth the colossal cost. 

2. If you did launch a bomb from the moon to a 
target on the earth, using, of course, an orbit that re¬ 
quired the minimum amount of fuel, the warhead would 
take five days to reach the earth. The war might be over 
by then! An ICBM can reach any target on earth in 20 
minutes. 

3. As to retaliation, if we have rockets good enough 
to land men and equipment on the moon, the enemy will 
surely have rockets good enough to put a hydrogen 
bomb (a much smaller payload) at the same spot. Either 
people will land on the moon for peaceful purposes by 
mutual agreement—or else we will surely launch the 
nuclear war here on earth which we are all trying to 
avoid. I’ll willingly fight a war to keep the Communists 
off our shores—but I am not interested in getting blown 
up to decide who shall have a military base on the moon. 

The challenge 

As I see it then, the challenge of the space age is 
whether we use the great new technologies of space travel 
for peaceful and scientific purposes—conducting a bold 
and exciting program of research and exploration—or 
will we be led into wild programs of Buck Rogers stunts 
and pseudo-military expeditions? The decision is going 
to be made soon, and it is high time that the best people 
in America—including the best people in industry—do 
some good hard thinking about.it. 
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A Search for Simplicity 


Biophysicists search for the smallest known virus 
that can give a clue to the hereditary pattern of the gene 

by Robert L. Sinsheimer 


On most campuses the gulf between physics and bi¬ 
ology is so vast and deep that an onlooker might assume 
that one group was composed of matter and the other of 
anti-matter, so that annihilation would he the fate of 
anyone who attempted to bridge the gulf. Having resided 
in a physics department for eight years, I know phys¬ 
icists are not as different as all that, and this lack of 
contact between these areas is, to my view, a pity, for 
biologists have certainly much to learn from physics that 
will be of the greatest value in the solution of their 
problems. 

I am not so sure that the converse is valid; I am not 
sure that biology can contribute much to physics in a 
fundamental sense, although it can certainly offer the 
stimulation of an entrancing field, with wide scope and 
opportunity for the ingenious application of physical 
principles and concepts and techniques. 

Actually, of course, an increasing number of people 
do work in the tenuous area between biology and phys¬ 
ics, and some of these people even go so far as to call 
themselves biophysicists. Physics is the study of the 
properties of matter and energy. Biology is the science 
of life in its myriad manifestations. One of the most 
important areas of modern biology can be loosely called 
molecular biology. Molecular biology might be defined 
as the attempt to achieve an understanding of some of 
the remarkable phenomena of living organisms in terms 
of the structures and the physical and chemical interac¬ 
tions of their components—that is, in terms of the struc¬ 
tures and reactions of the molecules, the macromolecules, 
the particles, which are found in living matter in an 
orderly and often highly organized pattern. 

If the people who are engaged in this activity tend to 
derive their concepts, their techniques, and their mode 
of approach from physics, they are likely to consider 
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themselves as falling into a loose category called bio¬ 
physicists. If, conversely, they tend to draw their con¬ 
cepts and techniques and mode of approach from chem¬ 
istry, they are likely to consider themselves biochemists. 

Actually, very few of the people in this field are so 
narrow as to restrict themselves to the use of a purely 
physical or a purely chemical approach. In general, the 
biological phenomenon—be it photosynthesis or gene 
duplication, muscle contraction or nerve conduction—is 
the source of inspiration, and the scientist seeks to attack 
the problem with whatever means he can devise—be they 
biological, chemical or physical in nature. But I think 
it is clear that if a man’s background is in physics and 
mathematics he is more likely to choose a quantitative 
physical approach than a qualitative chemical one, at 
least if he can devise one to answer the problems at hand. 

Operationally, biophysics can be best defined in terms 
of the activities of those people who consider themselves 
to be working in the field. And so perhaps I can best 
give you a glimpse of a small area of the field by briefly 
describing the more recent activities of a self-designated 
biophysics laboratory at Caltech. 

The broad biological problem with which I have been 
vitally intrigued for some time is represented by the 
word gene. More specifically, I am interested in the prob¬ 
lems of the structure of the gene, the manner of its 
action, and the mode of its replication. Now genes are, 
formally speaking, simply units of heredity, and initially 
the idea of a gene was a purely abstract conception. It 
is a biological observation that a plan—a pattern of 
heredity—is passed from each generation to the next 
generation. Each organism, each of us, develops from a 
single cell which, at the time, possesses within itself a 
plan that leads, in due course, to the development of the 
mature individual. And each individual retains many 
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Tadpule-shaped T2 virus particles. Magnification is about 
100.000 diameters. Smaller objects are extraneous ma¬ 
terial. The T2 virus is a representative of the most ex¬ 
tensively studied class of bacterial viruses. 

copies of thal plan which he may pass on lo his de¬ 
scendants. 

One of the first triumphs of genetics was to show that 
this plan is unitary in character. It is made up of dis¬ 
crete entities or factors called genes. When stocks are 
crossed equal numbers of genes from each stock are 
pooled—in a precise way, to be sure. When a mutation— 
a change in the hereditary plan—is observed, it is found 
most often to be the result of a modification of one of 
these units. 

To a physical scientist it usually seems almost self- 
evident that there must be some physical object, some 
structural entity, corresponding to each gene. To a 
biologist, more accustomed to thinking in terms of dy¬ 
namic interacting systems, this has not been so obvious. 
Lest we be smug, let us remember that the discreteness of 
nature, the existence of atoms, was debated for many 
decades. In any case, it has only been relatively recently 
that techniques have been available to make the issue of 
the nature of the gene anything other than an ideological 
debate. 

For this discussion I am going to assume that there is 
a discrete structure corresponding to the unit of heredity. 
To learn, then, the physical basis of these units of he¬ 
redity, to learn how they are copied at every cell division, 
to learn how they direct the activities of the cells, of the 
embryo, of the whole organism as it develops and the 
hereditary plan unfolds—this is the broad problem. It 
is clearly a central problem in biology and it is one that 
has attracted many workers from varied disciplines. 

As stated, the problem seems deceptively simple. In 
truth, it is extraordinarily complex and, with our pres¬ 


ent limited vision, difficult of access. There are many 
conceivable approaches to the problem, and how any 
individual will approach it is certainly a function of his 
background, his knowledge, and his intuition. 

Physicists and people of like mind prefer to work 
with simple isolated systems, with arrangements in which 
as many variables as possible are controlled, or else are 
at least surely ignorable. They also, and with good rea¬ 
son. prefer systems thal are amenable to quantitative 
analysis. Now, one may question whether even in prin¬ 
ciple (technical difficulties aside) a gene can ever func¬ 
tion in an isolated system. For instance, one may ask 
whether its function might require a sort of feedback 
from the result of its function, but we are not ready for 
such questions yet. Surely, at present, a gene can only 
find expression in a living organism. But in a search for 
simplicity one can take certain plausible steps. One can 
first of all look for an organism which is both qualita¬ 
tively and quantitatively of a minimum complexity—an 
organism for which the hereditary plan might therefore 
be of a minimum complexity. If one takes this approach 
and looks about for the simplest tor more accurately, 
the smallest) object that can cause, in an accurate way, 
its own duplication—that carries a plan of heredity 
which is at least believed to be unitary in character and 
which is mutable in the usual way—one’s attention is 
soon drawn to the viruses. 

Parasitic genes 

It must be said right away that viruses lack many of 
the attributes of life. They must, in a sense, sponge on 
their host for preformed parts, for catalysts, for energy. 
But viruses do have the remarkable power to reorganize 
the synthetic machinery of the host and use it to bring 
about their own specific replication. They seem to rep¬ 
resent in a stripped-down form just that portion of the 
living organism which is central to our problem of the 
gene. A virus, in this sense, represents an organized set 
of independent—and parasitic—genes. 

Viruses are known to prey upon nearly all living 
species, and here again, in a search for simplicity one is 
led to concentrate upon the bacterial viruses, the bac¬ 
teriophages. The simplicity here may be a little decep¬ 
tive, but at least the host, the bacterium, is a single- 
celled, undifferentiated creature that may be grown in a 
precisely defined environment under quantitatively re¬ 
producible conditions. 

Further, the bacterial virus particles may be quan¬ 
titatively assayed by methods of great delicacy. It is 
easily possible to detect single virus particles. Thus one 
has means to detect in the range of 1CL 15 to 10~ 17 grams 
of virus, dependent upon the particular virus. Yet it is 
quite feasible to prepare 10 15 particles. These features 
have been, and remain, a basic advantage that has per¬ 
mitted bacterial virus work to far out-distance work on 
other viruses. Bacterial virus work is quantitative and 
the conditions of bacterial virus growth can be readily 
and quantitatively varied. 
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Molecular model of the two-chain helical structure for 
DNA proposed by Watson and Crick. DNA is believed 
to carry hereditary information in the sequences of its 
four or five component building blocks. 

Now, bacterial viruses are of many kinds and quali¬ 
ties. All of them are particles with structure and with 
some degree of functional organization. A bacterial virus 
that has been easily the most intensively studied goes by 
the name of T2. 

This virus (shown on p. 22) is about 600 angstroms 
across and 800 A long, in the head; it has a tail which is 
about 1000 A long, and has a particle weight of about 
250 million. It has, thus, about 1/2000 of the mass of its 
host bacterium. Structurally, this particle is composed 
of an outer sheath which is protein in nature, and an 
inner core which is composed of a small number (of the 
order of 10) of large macromolecules of a substance 
called nucleic acid. Each of these nucleic acid macro¬ 
molecules is of the order of 13 or 14 million in mole¬ 
cular weight. The sheath is differentiated into the head, 
the tail, and an organ of attachment at the tip of the 
tail which is the means by which the particle attaches 
to its host bacterium. 

If a suspension of these particles is mixed with a sus¬ 
pension of susceptible bacteria, the particles, in Brown¬ 
ian motion, collide with and attach to the outer mem¬ 
brane of the bacteria by the tail. 

At this moment the fate of the bacterium is sealed. 
About 20 minutes later the infected bacterium will burst, 
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and as it does, some 200 virus particles just like the 
one that initiated infection will be spewed out. This is a 
really dramatic result. It was first discovered here at 
Caltech 20 years ago by Emory L. Ellis and Max Del- 
bruck. In the ensuing two decades, a great many in¬ 
genious experiments have been performed to find out 
what goes on inside the host cell in those 20 minutes. 

The more salient results of these investigations have 
told us that in the first minute or so, in some manner, a 
hole is produced in the bacterial wall at the site of at¬ 
tachment and the nucleic acid core of the virus is, so to 
speak, injected into the bacterium. The protein sheath 
has done its work; it can now actually be dispensed with. 
The injected nucleic acid brings about, first, its own 
replication (the production of more virus nucleic acid) ; 
then the development of new protein coats; and, finally, 
the assembly of the mature virus particles that are re¬ 
leased when the cell bursts, or lyses. 

The hereditary plan 

Now, these virus particles have definite hereditary 
traits that are passed on to their progeny. They may or 
may not attack certain host bacteria; the time of lysis 
may vary from strain to strain; they may differ in tem¬ 
perature resistance, in resistance to radiation, in their 
chemical composition, in their antigenic nature. Viruses 
mutate to new characters; viruses can also be mated by 
infecting the same cell with several particles; if these 
have different characters, recombinant types with new 
assortments of the parental characters are found, indi¬ 
cating the unitary nature of the hereditary pattern. So, 
these viruses have a hereditary plan that determines both 
the nucleic acid and the protein component of the pro¬ 
geny. Yet, effectively, only the nucleic acid enters the 
cell; so, logically, it must carry the hereditary plan. It 
seemingly must, here at least, be the bearer of genes. 

There is not time here to buttress this conclusion, to 
cite all of the other evidence, direct and indirect, that is 
available from other organisms to confirm the view that 
these macromolecules we call nucleic acids are the he¬ 
reditary factors. For viruses, the evidence seems conclu¬ 
sive. 

If the nucleic acid carries the hereditary pattern, in 
what symbols, in what code, is it written? Here we enter 
what is at present a realm of pure speculation. Seem¬ 
ingly, the pattern must be expressed in the structure of 
the nucleic acid molecules. Fortunately, we believe we 
know the general form of the structure of these macro¬ 
molecules. 

The nucleic acid found in bacteriophages such as T2 
consists of two helical chains (shown above) wound about 
each other and linked to each other by weak but specific 
bonds. Each chain is a linear sequence of monomeric units 
called nucleotides, of which there are usually only four 
or five kinds. For want of a better thought, it is presumed 
that the information, the hereditary pattern, must reside 
in the sequence of these four or five kinds of nucleotides 
along the chain. "■ , 
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Your professional advancement is accelerated by our 
company-sponsored self-development programs: our 
full-time, off-the-job Graduate Engineering Training 
Program and the Tuition Refund Plan for after-hours 
college study. Engineers are important to all phases 
of Western Electric’s job as manufacturer, purchaser, 
distributor and installer for the Bell System. 


Your professional advancement 



Western Electric offers real opportunity. Some 55% of 
the college graduates in our upper levels of manage¬ 
ment have engineering degrees. And 7,000 management 
positions must be filled by newly promoted people in the 
next ten years. Many of these positions will be taken by 
Western Electric engineers. 



Opportunities spring from the work we do. As the Bell 
System’s manufacturing unit. Western Electric is the 
world’s largest maker of communications equipment. We 
are equipped to produce some 65,000 different parts 
which are assembled into a vast variety of apparatus and 
equipment. Add to this our steady, varied defense as¬ 
signments, and you see why engineering skill gets top 
priority here at Western Electric. 


C hoosing a company with which to spend 
your professional life is one of the most 
important decisions you have to make. Choose 
carefully, for your professional advancement 
and rewards depend to a large degree on the 
opportunities presented you. 

Be sure the company itself is growing on a 
solid foundation . .. doing important work that 
has a permanent part in the nation’s economy 
and future. Be sure the company offers chal¬ 
lenging work and opportunities in your chosen 
field ... for you will he happiest and develop 
faster doing what you like. Be sure the company 
you choose is “engineering-minded”... and has 
demonstrated an active interest in the develop¬ 
ment of its engineers. 

Before you decide, look around . . . ask . . . 
compare. You will find all these opportunities 
at Western Electric. 

Opportunities exist for mechanical, electrical, chemical and civil engineers, 
and physical scientists. For more information pick up a copy of “Your 
Opportunity at Western Electric" from your Placement Officer. Or write 
College Relations, Room 111 ID, Western Electric Co., 195 Broadway, 
New York 7, N. Y. And be sure to sign up for a Western Electric interview 
when the Bell System recruiting team visits your campus. 



Principal manufacturing locations at Chicago and Decatur, III.; Kearny, N. J.; Baltimore, Md.; Indianapolis. Ind; Allentown and Laureldale. Pa.; 
Burlington, Greensboro and Winston-Salem, N. C.; Buffalo, N. Y.j North Andover, Mass.; Lincoln and Omaha. Neb.; St. Paul and Duluth, Minn.; 
Kansas City, Mo.; Columbus, Ohio; Oklahoma City, Okla. and Teletype Corporation, Chicago 14, III. and Little Rock, Ark. Also Western Electric 
Oi'tribution Centers in 32 cities and Installation headauarters In 16 cities. General headquarters: 195 Broadway. New York 7. N. Y. 
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Sedimentation velocity pattern of a partially purified 
0 A 174 virus preparation. Sedimentation is from right 
to left in the analytical ultraeentri fuge. The faster-mov- 
in peak on the left is the virus. The slower-moving peak 
on the right represents incomplete virus particles. 

While very plausible, there is no experimental evi¬ 
dence for this hypothesis. To go further—to test this 
hypothesis, to decipher this code—it is clear that we 
will have to learn the structure of these macromolecules 
in much greater detail. 

Now, in the T2 virus there are some 8 or 10 of these 
macromolecules. each composed of a double strand con¬ 
taining some 20,000 nucleotides per strand. There is 
good reason to believe that the 8 or 10 strands are each 
different and each important. As an hereditary pattern 
this is still a rather complex object to hope to analyse in 
detail. A mutation, for instance, might (I emphasize 
might) involve a change in only one nucleotide. This 
would be one part in 400,000. 

We have sought, therefore, to find a virus with an even 
simpler (again I really mean smaller) hereditary pat¬ 
tern. We have looked among the bacterial viruses, for 
the reasons already mentioned, for the smallest we could 
find, and we have sought to isolate and study it. 

The exotic 6X174 

The virus to which we have in this way been drawn 
has the somewhat exotic name of 0X174, and we have 
been devoting the better part of a year to learning how to 
grow it. how to isolate and purify it. and to establishing 
its size and some features of its structure. 

Many of the technical problems encountered in this 
work are not very pertinent here. The biological prob¬ 
lems associated with growing large quantities of the 
virus had to be solved, and the chemical problems of 
isolating relatively purified virus from the crude lysate 
while preserving the viability of the particles, caused us 
some pause. But, in time, we produced a highly purified 
preparation which we then examined in the analytical 
ultracentrifuge—a device which enables us to measure 
the rates of sedimentation in a strong centrifugal field 
of the component or components of a suspension. 
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Our preparation at this stage had two major macro- 
molecular components, one of which had about IV” timer 
the sedimentation rale of the other in the centrifugal field 
(as shown at ihe left). By the use of a partition cel 1-— 
that is. a centrifugal cell with a porous plate across it- 
iniddle—and then by making assays of the virus titer 
remaining above the partition after various times of 
centrifugation, it was possible to correlate the virus in- 
feciivity with the more rapidly sedimenting component. 
The slow component was not infective. 

Seeking pure virus 

To obtain pure virus, it was now' necessary to separate 
these two components. This proved extraordinarily diffi¬ 
cult to do. The slower component displayed essentially 
identical properties to those of the faster moving com¬ 
ponent in regard to all of the readily available chemical 
methods of fractionation. Indeed, this is not surprising, 
as we are now quite sure that the slow component is 
related to the virus; it is. in fact, an incomplete virus— 
the protein shell, lacking most of the internal nucleic 
acid. 

Small amounts of pure virus could be obtained by 
straight differential centrifugation, but this was a Pyrrhic 
method involving great losses of material. Fortunately, 
at this stage, the newly developed method of densitv 
gradient centrifugation—developed here at Caltech by 
Jerome Vinograd. research associate in chemistrv, and 
Matthew Meselson. research fellow in chemistry- -came 
to our rescue. In this technique a dense salt solution is 
spun at high speed until a stable density gradient is 
established in the solution. Because of the centrifugal 
field, the salt tends to move cenlrifugally, but the result¬ 
ant concentration gradient sets up a centripetal diffusion 
flow and at equilibrium a density gradient will exist from 
the inner to the outer radius of the cell. This is quite 
analogous to the density gradient in the atmosphere. 

If particles are suspended in this stratified salt solu¬ 
tion they will, of course, seek their own density. Be¬ 
cause of diffusion, however, the particles will not all 
come to exactly that level corresponding to their density, 
hut will form a band about this level, ft mav be shown 
that the width of this hand is inversely related to the 
molecular weight of the particle. 

Fortunately—as is shown below—it turned out that the 
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Density gradient, sedimentation of a partially purified 
<Z).\174 virus preparation in the analytical ultracentri¬ 
fuge. Density increases from right to left. The dark hand 
A indicates, by absorption of the ultraviolet light . the 
position of the virus particle. The dark band B indicates 
the position of the less-dense incomplete virus particles. 
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two centrifugal components of our preparation had dif¬ 
ferent densities. The virus has a density of 1.40 and 
forms a band near the outer edge of the cell (the band 
may be detected by the ultraviolet absorption of the 
particles), while the slower sedimenting component has 
a density of 1.32 and forms a band near the inner edge 
of the cell. These bands are now spacially separated 
and the two components can be obtained physically 
separate. 

Incomplete vims 

We may note that the lighter band is broader than the 
virus band, indicating a lower particle weight. This is 
in accord with the idea that it is an incomplete virus. 

Having obtained a pure virus preparation, the particle 
weight of the virus could now be determined by another 
physical technique—that of light scattering. If a sus¬ 
pension of particles is illuminated by a parallel, mono¬ 
chromatic beam of light, of wave-length 10 or more 
times greater than the dimensions of the particle, the 
amount of light scattered at 90“ to the beam will depend 
only upon the number of particles and their effective 
refractive index. The latter can be measured in a sepa¬ 
rate experiment, so a measure of the number of particles 
present in a given suspension can be obtained from a 
scattering experiment. If the mass of virus present in the 
suspension is known, then the mass per unit particle is 
readily calculated. 

The particle weight of this virus (which is pictured 
below), calculated from the light scattering data, is only 
6.2 x 10". This is about l/40th of the weight of the T2 
virus. 

As was expected, this virus has nucleic acid; chem¬ 
ically it can be shown to be about 25 percent by weight 



Electron micrograph of 0 A 174 virus particles. The three 
large spheres are polystyrene latex of known diameter. 
Magnification is about 23,000X. 

April, 1958 
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Density gradient sedimentation of a mixture of DNA 
from 0X174 and T2. Density increases from right to 
left. The dark band A indicates the position of the DN A 
of 0X174 , while the. dark hand li indicates the position 
of the less-dense DN A from the T2 virus. 

of nucleic acid. The important possibility then arises 
that this nucleic acid is present as a single molecule of 
w'eight 25 percent of 6.2 x 10" or 1.6 x 10". To test this, 
the nucleic acid was extracted from the virus and its 
molecular weight determined by light scattering. The 
molecular weight of the nucleic acid is found to be 
1.8 x 10°. Thus the virus has but one molecule of 
nucleic acid, only 5500 nucleotides. The nucleic acid 
content is thus 1.5 percent of that of the T2 virus pre¬ 
viously discussed. 

A surprising feature 

It often happens in physics that when the scale of a 
particular phenomenon is changed by an order of mag¬ 
nitude or two, new features appear and, somewhat to our 
surprise, this may have happened in this instance. In the 
density gradient sedimentation picture above, two bands 
(A and B) appear. One is produced by DNA from the 
0X virus. The other is produced by the addition of some 
nucleic acid of the T2 virus. The latter band is clearly 
narrower than the band produced by the 0X nucleic 
acid, indicating it is bigger in molecular weight, but also 
this band is displaced. The nucleic acid from 0X is sig¬ 
nificantly denser than that from the T2 virus. Since all 
the nucleic acids previously studied—from bacteria, from 
salmon sperm, from calf thymus glands—have been 
almost exactly the same density as that of the nucleic 
acid from T2 virus, there seems to be something unique 
about the nucleic acid from the small 0X virus. 

It must be said that we have never had a nucleic acid 
of this low a molecular weight, and it is possible that 
this altered density is an artifact resulting from the 
action of our isolation procedure upon such a singularly 
small nucleic acid. There is, however, supporting radio¬ 
biological evidence for the view that this nucleic acid is 
in some way unusual even when inside the virus. 

Here the prologue ends. We have established the size 
of this virus and the unimolecular nature of its nucleic 
acid. The virus is almost two orders of magnitude less 
complex than the previously studied T2. I feel our search 
for simplicity has been successful and can stop here. 
We can, and have, isolated mutants of this virus; we can 
almost surely create other mutants when needed. It is 
time to begin to examine the structure and the functions 
of these particles in the most intensive way. 
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who want to plot a better 


career curve 


There are no “dead end” jobs at Douglas, As part 

of a crack engineering team, you’ll be encouraged to use 

your full talents. Important assignments will give you ^ 

the opportunity for greater accomplishments 

and the kind of future you want. Wherever you choose 

to locate — in California or across the nation — 

Douglas has a top assignment for you. 

For important career opportunities in your field, write; 
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THE PRODUCTS 
OF THE MIND 

The world we live in is in large part the product of the 
scientific thought and accomplishment of the past, trans¬ 
lated into engineering achievements. Whether we continue 
to go forward depends on whether the scientific curiosity, 
the imagination, the careful thought, and the logical 
analysis of the past, upon which today’s technical achieve¬ 
ments were built, can exist and flourish in the environment 
of the new world. 

At Avco Research and Advanced Development Division, 
and at other places in the free world, an atmosphere exists 
in which the inquiring mind may live and create. We have 
the technical assistance and the facilities by which ideas 
are converted into concrete accomplishments. Many things 
have been done, and infinitely more remain to be done— 
the world of scientific thought is unlimited and promising. 
From the products of the mind will come the technical 
world of tomorrow. 

/ 

Dr. Sidney L. Simon 

Assistant to the President 





Dr. Sidney L. Simon 



Pictured above is our new Research and Development Center 
now under construction in Wilmington, Massachusetts. Scheduled 
for completion this year, the ultramodern laboratory will house 
the scientific and technical stall of the Avco Research and 
Advanced Development Division. 



Avco Research and Advanced Development Division now 
offers unusual and exciting career opportunities for exception¬ 
ally qualified and forward-looking scientists and engineers. 

Write to Dr. R. W. Johnston, Scientific and Technical Relations , 
Avco Research and Advanced Development Division, 

20 South Union Street, Lawrence, Massachusetts, 




The Month at Caltech 


Radhakrishnan 

Dr. Sarvepalli Radhakrishnan, vice president of India, 
came to the Caltech campus on April 2 for a three-day 
visit. As the third visitor in the Caltech YMCA’s Leaders 
program. Dr. Radhakrishnan spent most of his time in 
informal meetings with students, but he also gave formal 
talks on “Science and Religion," on “India’s Foreign 
Policy,” and on “Indian Philosophy and Religion.” 

One of India’s leading statesmen, Dr. Radhakrishnan 
is also known as one of India’s foremost modern philoso¬ 
phers. From 1909 to 1948 he held v arious academic posts 
in India, and served as guest lecturer at such universities 
as Oxford, Chicago, Yale, Harvard, Michigan and Cor¬ 
nell. He was knighted by George V in 1931 and in 1939 
he was the first Indian to be elected to Fellowship in the 
British Academy. He holds honorary doctorates from 
the universities of Oxford, Cambridge, Columbia. Rome. 
London and McGill. 

In 1946 Dr. Radhakrishnan was the leader of the Indi¬ 
an delegation to the newly-formed UNESCO. He became 
vice chairman of the organization in 1948. and chairman 
in 1949. In that same year he was appointed India’s first 
ambassador to the Soviet Union. He resigned the position 
in 1952 to become the Congress Party candidate for vice 
president of India. 

Lauritsen’s Award 

Charles C. Lauritsen. professor of physics, has received 
the second annual Captain Robert Dexter Conrad Award, 
established by the Office of Naval Research. The award 



President DuBridge and Dr. S. Radhakrishnan. 
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is named for the late Captain Conrad, first head of the 
ONR’s planning division, and the primary architect of 
the Navy’s basic research program. It is given for out¬ 
standing technical and scientific achievements in research 
and development for the Navy. The first award went to 
Alan T. \Y aterman, director of the National Science 
Foundation. 

As a member, and vice chairman, of Division A of the 
National Defense Research Committee, Dr. Lauritsen 
made a major contribution to the proximity fuse pro¬ 
gram. And, as research director of a group at Caltech, 
he contributed so much to the Navy’s rocket program 
that he became known among most experts in the field 
as the “father of Navy rocket power.” 

After the war, the Caltech group became the nucleus 
of the Naval Ordnance Test Station at China Lake, Cali¬ 
fornia. Dr. Lauritsen served as first chairman of the 
NOTS Advisory Committee and has continued his com¬ 
mittee membership, except during 1956 and 1957. 

Dr. Lauritsen also helped formulate the plans which 
led to the establishment of the Office of Naval Research. 
In close association with Captain Conrad, he was influ¬ 
ential in originating the concept and philosophy of oper¬ 
ation of the Navy’s contract research program. 

T rustee 

\Y hitley C. Collins, president and chief executive officer 
of Northrop Aircraft, Inc., has been elected a member of 
the Caltech hoard of trustees. Born in lies Moines, Iowa, 
in 1898, he was graduated from the Wharton School of 
Banking and Finance at the University of Pennsylvania 
in 1921. From 1921 to 1929 he worked in the new busi¬ 
ness department of the Continental Illinois National 
Bank and Trust in Chicago. After two years with the 
Lockheed Aircraft Company, as vice president and gen¬ 
eral manager, he became credit manager of the Security 
First National Bank in Los Angeles in 1931. He has been 
president of Northrop since 1954. 

Roscoe F. Sanford 

Hoscoe F. Sanford, an astronomer at the Mount Vi ilson 
Observatory for almost 32 years, died on April 7. A 
graduate of the University of Minnesota, he received his 
PhD from the University of California in 1917. He was 
a member of the Lick Observatory in Santiago, Chile, 
from 1911 to 1915. and in 1918 he joined the stall at 
Mount Wilson, continuing his investigations with the 60- 
and 100-inch telescopes until his retirement in 1949. His 
photographs of the spectra of “cool red carbon” stars 
arc accepted as the best ever made in his field. 
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TWO IMPORTANT REASONS FOR STARTING YOUR CAREER 

WITH LOCKHEED MISSILE SYSTEMS 


■ Better Advancement Opportunities 

■ Higher Degree Educational Program 

As greater emphasis is put on missile’s role in U.S. defense, our own 
missile projects will continue to expand. This growth potential — coupled with 
our youth as a division —means better opportunities for you to move 
rapidly ahead in a career with Lockheed Missile Systems. 

Under the Advanced Study Program, the Lockheed Graduate Study Council 
offers qualified students the opportunity to earn advanced degrees while employed 
in their chosen fields at Lockheed Missile Systems. Eligible students must be 
U.S. citizens holding B.S. or M.S. degrees in engineering, mathematics, or science 
applicable to missile systems research and development. 

Extensive laboratory facilities at Palo Alto and Sunnyvale, 

near Stanford University, provide an atmosphere to satisfy the most inquisitive 

scientific mind, yet pique the desire for further knowledge and achievement. 

Both locations are less than an hour’s drive from San Francisco. 

For further information, contact your Placement Officer, or write College Relations 
Office, Lockheed Missile Systems, 3251 Hanover St., Palo Alto, Calif. 




MISSILE SYSTEMS 


A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

SUNNYVALE > PALO ALTO • VAN N UYS • SANTA CRUZ -CALIFORNIA 


Advanced Study Program physics student J. T. Naff charges up the condenser of a 
high velocity shock tube preparatory to firing. Naff, a graduate of Louisiana Polytechnic 
Institute, is working on his Master’s Degree at the University of California, 
while employed at Lockheed’s Palo A Ito Research and Development Laboratory. 






Student Life 


The Red and the Black 


— or who's got the moral fiber? 


Life ran an interesting article last month—a com¬ 
parison between high-school education in the United 
States and Russia. The cover was split to show a repre¬ 
sentative of each system: Johnny, a handsome, clean-cut, 
all-American, but unfortunately quite stupid youth; and 
Igor, a sneaky-looking lad, with mustache and leer— 
good commissar material for the next generation (just as 
Johnny will probably be a good congressional candi¬ 
date) . 

The article first follows Typical John through a typi¬ 
cal day at his typical American high school. After a 
wastefully large breakfast, he pauses only to read L il 
Abner (his favorite), then leaps into his hot rod for a 
quick dash to the home of his latest teen-age queen. She’s 
the cute-blonde, tight-Rermuda-shorts type—not too cheap¬ 
looking though, so she’s probably a student leader (first 
to memorize the Pledge of Allegiance, etc.) 

Once at Central High. John plunges into a hectic 
routine of degenerate fun. History, geometry, English— 
he’s equally ignorant of all of them. He browbeats the 
teacher with witty comments on his ignorance, and the 
class laughs with him. But his real hour to shine comes 
during Club Period. Handsome and gregarious Johnny is 
president of a Hi-Y, Key Club. Service Club, and prob¬ 
ably a secret fraternity, too. He mismanages all of them, 
but he’s such a neat guy nobody cares. 

After school John spends 100 percent of his time pur¬ 
suing more teen-age queens, using the seductive charms 
of rock n’ roll music, Pepsi-Cola. and miniature golf. (If 
he lives in Yew 'York City, he may take time off now and 
then for a rumble with the rival Hi-Y". I The conclusion 
is unavoidable: Johnny is a worthless wastrel: America’s 
moral fiber is disintegrating. 

Igor’s daily pattern forms a Spartan contrast. Every 
cold Moscow morning he trudges several miles through 
the snow to a gray stone building, the local learning fac¬ 
tory. There he spends long hours absorbing world history 
(revised Russian edition), foreign languages (especially 
English), and—most menacing of all—math and science. 

One picture shows him sitting at a long bench, with 
several other drably-uniformed boys and girls. The teach¬ 
er is a mannish-looking Woman, the type that even 
Johnny would think twice about browbeating. On the 


walls are voltmeters, Leyden jars, and other such exotica. 
Igor has his hand in the air and an anti-American gleam 
in his eye. Perhaps he's on the verge of another break¬ 
through for Russian science. 

Igor belongs to only one club—the Young Communist 
League. Until recently Igor has had no time for women. 
Someone, however, has pointed out the necessity of carry¬ 
ing on the Russian race, so now he is quite often seeing 
one of the uniformed girls. Perhaps, if he’s really a mad 
romantic at heart, he’s building an electroscope to give 
her next Khrushchev’s day. 

Igor gets his big kicks, though, another way. Every 
evening he plays a game of chess with his buddy from 
the next tenement. Of course he usually wins. Moral of 
the story: Unless America gets serious about its high- 
school educational system, Igor and his friends will be 
taking over soon. 

Bunk! Many of the people who come to Caltech, for 
instance, tend more to Igor than Johnny. And one of the 
most important things the school tries to do is break 
these people out of their isolation. I don’t see how an 
engineer, mathematician, or scientist can be of much 
value to the community without an Understanding of 
people. Our present high school system does a splendid 
job of providing this understanding. It’s a case of under¬ 
stand or wither. Quite a few wither, but more understand. 

Secondly: In the high schools I’ve seen (public schools, 
middleclass neighborhoods) the students have been more 
serious about their schoolwork than was apparent to the 
casual observer. fAnd I think Life’s observer was pretty 
casual.) I can’t believe that everyone in the Russian 
schools is an Igor, either. If they were, the L’.S.S.R. 
would have cracked in half the first time somebody 
laughed at it. 

Thirdly, and most important, I do believe our high 
schools are more fun than Russia’s. Good. Any system 
that provides four enjoyable years for nearly everyone 
is well worth saving. Why should we he ashamed of the 
fact that our schools are more fun? This is real democ¬ 
racy. Not only a vote and a voice for everyone, blit an 
enjoyable life, too. I say let Johnny keep his hot rod. 
He’ll have plenty of time for the serious life. 

—Brad Efron '60 
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The designers who built this 
giant tamping roller had to 
contend with impacts as high 
as 1450 psi on the drum axle. 
To take these terrific loads, de¬ 
signers mounted the drum axle 
on Timken® tapered roller bear¬ 
ings. Timken bearings are case- 
carburized to produce hard, 
wear-resistant surfaces over 
tough, shock-resistant cores. 
Their full-line contact between 
rollers and races gives them 
extra load-carrying capacity. 
And because they practically 
eliminate friction, they help 
heavy construction machin¬ 
ery start and roll more easily. 


Slice a Timken bearing in half and see why it takes shocks 

The picture at left shows what you’d see if you cut 
through a Timken bearing: hard, wear-resistant 
surfaces and tough, shock-resistant cores. 


Want to learn more about job 
opportunities? Timken bearings 
help make better machines —ma¬ 
chines that enrich our lives. It’s 
what the Timken Company calls 
Better-ness. If you’d like a career 


helping to create the machines 
that create Better-ness, write for: 
"BETTER-ness and your career 
at the Timken Company”. The 
Timken Roller Bearing Company, 
Canton 6, Ohio. 


for YOUR BEARING NOTEBOOK 


Tear out this page 
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How to take 
22 /2 ton impacts 

on drum axle 
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Horizontal opportunities are 
plentiful for graduate engineers 
— but how about verti¬ 
cal opportunities? How 
high will you grow in 
5 years? 


That will depend on 
your native talent, hard 
work and such profes¬ 
sional habits as the use 
of imported A.W.Faber 
Castell. “black gold” 
graphite — the best na¬ 
tural graphite testing 
out at more than 99% 
pure carbon — makes 
Castell the world’s 
finest drawing pencil. It 
will add skill to your 
hand as it does to sea¬ 
soned Pros the world 
over. Color-graded for 
instant identification in 
most of the 20 scienti- 
fiseliy-accurate degrees, 
CB to 10H. 

If you prefer a 
Holder, try Locktite 
Tcl-A-Grade 9800 
which shows your de¬ 
gree in a flash — plus 
imported “black gold” 
Castell 9030 Lead. 
Shop in your college 
store and insist on 
Castell across the 
board. 
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Personals 

1928 

Arnold O. Beckman , PhD, president of 
Beckman Instruments, Inc., in Fullerton. 
California, has been appointed to a Na¬ 
tional Advisory Committee on Radiation in 
Washington, D.C. The committee works on 
the development of adequate safeguards 
against the hazards of radiation. 

Alfred C. Nestle, chemist at Texaco’s 
Bellaire laboratories, is co-patentee of a 
recently issued patent entitled “Lost Circu¬ 
lation.” He has also been awarded three 
patents which deal with oil and gas wells, 
drilling and completion. Al has been with 
Texaco since 1928. 

1930 

0 alter D. Wilkinson is senior metallurg¬ 
ist at the Argonne National Laboratory and 
is assigned to teaching reactor metallurgy 
at the International School of Nuclear 
Science and Engineering. 

Nathan 1). If hitman, Jr., MS ’32, con¬ 
struction engineer, was president of the 
L.A. section of the American Society of 
Civil Engineers last year. 

1931 

(■corfr F. W islicenus. MS, Phi) '34. is 
now professor of aeronautical engineering 
and director of the Garfield Thomas Water 
Tunnel at Penn State University. 

1938 

Edmond F. Shanahan has announced the 
formation of a law partnership with Vernon 
I). Beehler in Los Angeles. Under the firm 
name of Beehler and Shanahan, they will 
specialize in patent, trademark, copyright 
and unfair competition causes. 

1939 

Charles //. Townes, PhD, professor of 
physics at Columbia University, has been 
named winner of the 1957 Research Cor¬ 
poration Award for his outstanding work 
in microwave spectroscopy. A former 
member of the technical staff of the Bell 
Telephone Laboratories, he gained interna¬ 
tional recognition a few years ago for his 
development of ah “atomic clock.” 

1940 

Keith E. Anderson has resigned as 
regional drainage and groundwater engi¬ 
neer for the Bureau of Reclamation and 
opened offices as a consultant in engineer¬ 
ing and geology at Boise, Idaho. 

Mark M. Mills, PhD ’48, deputy director 
of the University of California’s radiation 
laboratory at Livermore, was killed in a 
helicopter crash at Eniwetok Atoll on 
April 7. He was 40 years old. 

On a mission related to the forthcoming 
atomic tests in the Pacific, the helicopter, 
with several other scientists aboard, was 
forced down by a rain squall off one of the 


islands. The other passengers escaped 
serious injury. 

During World War II, Mark was a 
leader in developing solid rocket propel¬ 
lants at JPL. He joined the Liveriftore 
laboratory in 1953 as head of the theoreti¬ 
cal physics and mathematics division. He 
became an associate director in 1956 and 
was recently named deputy director. 

He leaves his wife, a daughter, Amt, 
and a son, Mark John. White House Press 
Secretary James Hagerty, who described 
Mark as “one of our top scientists,” said 
that President Eisenhower had sent a per¬ 
sonal message of sympathy to the family. 
And, in his message of condolence. Lewis 
Strauss, chairman of the AEC, said, that 
Mark’s work had “contributed materially 
to the defense of the United States and 
the free world.” 

Col. Norman L. Peterson, MS, has now 
assumed command of the USAF Air 
Weather Service. He has been deputy 
commander since August, 1954. Head¬ 
quartered at Andrews AFB, the USAF 
Air Weather Service is the component of 
the. Military Air Transport Service, charged 
with the provision of weather support to 
Air Force arid Army units throughout the 
world. The Petersons have three children 
—Sandra. 18: Diana, 14: and Malcolm, 11. 

1941 

II. Guy ford Stever, PhD, associate dean 
of engineering at MIT, has been named to 
head a special committee on space tech¬ 
nology for the National Advisory Commit¬ 
tee for Aeronautics. The committee will 
help to coordinate and bring into sharper 
focus the substantial and increasing effort 
of the NACA on problems of flight beyond 
the earths atmosphere. 

1942 

Eduard B. Lewis, PhD, MS ’43, professor 
of biology at Caltech, has been named a 
member of a new National Advisory Com¬ 
mittee on Radiation in Washington, D.C. 
The committee’s activities for radiological 
health concern research, epidemiological 
studies, monitoring of milk, water and air, 
and technical assistance to states on radi¬ 
ation safety. 

George !’■ Sutton. MS 43. was recently 
elected president of the \merican Rocket 
Society. George is chief of preliminary de¬ 
sign for Rocketdyne and has also been 
selected to serve on a panel of the Presi¬ 
dent’s Committee for the Development of 
Scientists and Engineers. George reports 
that he has been happily married for al¬ 
most three years. With their two daughters, 
the Suttons live in Woodland Hills. 

William L. Rogers, manager of the Azusa 
plant of the Aerojet-General Corporation, 
celebrated his 15th year with the company 
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Your first position after graduation 
will determine the direction in 
which you will grow in engineering 
knowledge and ability, 

Garrett offers engineering career 
opportunities which will expand for 
many years to come. 

They include the following in the 
fields of aircraft, missiles and tech¬ 
nological industry: system elec¬ 
tronics; computers and flight 
instruments; gas turbine engines 


and turbine motors; prime engine 
development; cryogenic and nuclear 
systems; pneumatic valves; servo 
control units and air motors; indus¬ 
trial turbochargers; air conditioning 
and pressurization and heat transfer. 

In addition to direct assignments, 
a 9-month orientation program is 
available to aid you in selecting your 
field of interest. This permits you 
to survey project, laboratory and 
administrative aspects of engineering 


at Garrett. With company financial 
assistance you can continue your edu¬ 
cation at outstanding universities 
within easy reach of your employ¬ 
ment. 

Project work is conducted by 
small groups where individual effort 
is more quickly recognized and 
opportunities for learning and 
advancement are enhanced. For full 
information write to Mr. G. D. 
Bradley. 


This 9 l /2-pound AiResearch solid propellant power package energizes 
the auxiliary systems of a guided missile. It includes an electrical sys¬ 
tem generating 650 watts and a hydraulic system which activates the 
missile’s aerodynamic controls. Participating in its development were 
electronic, hydraulic, mechanical and power plant engineers. 












MARS outstanding design SERIES 



rock ’n' fly 

A design combining the aerodynamic principles of 
ring wings, ducted propulsion and elevons is the novel 
concept for this all purpose utility plane that “rocks” 
on take-off and landing. 

Resting on the ground horizontally, the plane is 
rocked back into vertical take-off position with partial 
power. It lands the same way, backing down to the 
ground, then forward to rest. Designer M. A. Navoscl 
of Van Nuvs also suggests a unique provision: if one 
engine fails, an into, engine shaft is automatically 
coupled to maintain even thrust. But, most of all this 
imaginative “aerial pickup ’ design embodies economy 
of operation in both fuel and space. 

No One can be sure which of today’s design ideas 
will become production realities tomorrow. But it will 
be as important then, as it is now, to Use the best of 
tools when pencil and paper translate an idea into a 
project. And then, as now, there will be no finer tool 
than Mars — from sketch to working drawing. 

Mars has long been the standard of professionals. 
To the famous line of \fars-Technico push-button 
holders and leads, Mars-Lumograph pencils, and 
Tradition-Aquareil painting pencils, have recently 
been added these new products: the Mars Pocket- 
Tech ft ico for field Use; the efficient Mats lead sharp¬ 
ener and “Draftsman’s” Pencil Sharpener with the 
adjustable point-length feature; and — last but rr >t 
least — the Mars-Liimochrom, the new color d lifting 
pencil which offers revolutionary drafting advantages, 
flit fact that it blueprints perfectly is just one of its 
many important features. 


The 2886 Mors-lumograph drawing pencil, 19 
degrees, EXEXB lo 9H The 1001 Mars-Technico i 
push-button lead holder. 1904 Mars-Lumograph 
imported leads, 18 degrees, EXB to 9H. Mars- 
Lumochrorn colored drafting pencil, 24 colors. ! 


J.S. 


TAEDTIERJNC. 

HACKENSACK, NEW JERSEY 



at all good engineering and drawing material suppliers 
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Personals . . . continued 

in 1957—and also the 15th year of the 
founding of Aerojet. 

191,3 

Charles P. Strickland. Jr., has been 
named manager of the southwest district 
for the York Corporation, subsidiary of 
Borg-Warner. In his new assignment, he 
will supervise York activities in Louisiana. 
Texas, and portions of Alabama, Arkansas, 
Mississippi and New Mexico. The Strick¬ 
lands live in Houston, Texas, and have 
three children — Anita, 11: Frederick, 3; 
arid Charlene. 1. 

Richard E. McWelhy , who is in the in¬ 
surance business in Aurora, Illinois, writes 
that “nothing new has happened except 
that I have acquired two horses to go along 
with the wife and three kids.” 

Alvin R. Eaton, MS, supervisor of the 
aerodynamics group of the applied physics 
laboratory of the Johns Hopkins Univer¬ 
sity, received a Navy Meritorious Public 
Service Citation in December, for his work 
on the development of the Terrier guided 
missile. 

19 U 

Eugen>e W. Bolster writes from Catnino, 
California: “I'm the owner of 67 acres 
here. We have 17 acres planted with apple 
trees—and will have 33 more, this and the 
following spring. They're mostly Golden 
Delirious and some Red Delicious, Wine- 
sap and Rome Beauty. We decided the 
country life would he more fruitful (no 
putt intended I in all ways—so I sold my 
business interests, etc., arid moved. Won¬ 
derful spot to raise the four children, ft's 
only 50 miles from Lake Tahoe on High¬ 
way 50—good hunting, fishing, and lots 
of good honest work, with only the weather 
and one’s common sense the limiting 
factors.” 

George M. Osgood writes that ‘’after ten 
years with the General Electric Company's 
apparatus sales division in Schenectady, 
N.Y. and Portland, Oregon, .1 left the 
company in October. 1957. to set up rnv 
own business, the George M. Osgood Com¬ 
pany. Our prime endeavor is the national 
sales of a new approach to specialized 
pumping rate control, ‘the Elomatcher,’ de¬ 
veloped Over the past seven years by a 
consulting engineering firm in Corvallis, 
Oregon. My wife, our two daughters and 
son and 1 will still make ohr home in 
Portland; We continue to see a good deal 
of Henry Judd ’44, Dean Johnson 45. and 
—until he moved to Walla Walla recently 
—(ieorge If ithelm 45." 

191,5 

Charles R. Cutler writes (from, Wash¬ 
ington, D.C. I that he was made a partner 
in his law firm—Kirkland, Fleming. 
Green, Martin and Ellis—on January 1. 
The Cutlers have three children—Tom. 6: 
Alan. 4: and Patricia. I. 

cimltnnrd on page 40 
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Pump-turbine design is now the work... . , 
hydraulics, the field »,. of John Jandovitz, 
BSME graduate of College of City of Hew 

York, '52., 



Water conditioning chemical, service, and 
equipment specialist in Houston is new 
assignment of Arthur Brunp, BS Chem. E,, 
University of Tennessee, '56. 




Recent 

Course Graduates 


select wide choice ot 

careers at Allis-Chalmers 


field safes engineering of America's 
widest range of industrial products is choice 
of Roy Goodwill, SSME, Michigan State 
College, *54, 



T HERE’S variety at Allis-Chalmers. Whether 
you’re thinking in terms of types of industries, 
kinds of equipment, types of jobs, or fields of work, 
the diversification of Allis-Chalmers provides un¬ 
surpassed variety. For example: 



Starting up a cement plant in Mexico 
after coordinating oil work on it is latest 
job of John Gibson, BS Met. £,, University 
of California, '54. 


Nucleonics is chosen field of R, A. Hart- 
field, BME, Rensselaer Polytechnic Institute, 
’53. Currently he is working on design and 
development of new nuclear power plant. 


Types of jobs 

Industries 

Equipment 

Fields 

Research 

Agriculture 

Tractors 

Metallurgy 

Design 

Cement 

Kilns 

Process Engineering 

Manufacturing 

Chemical 

Screens 

Mechanical Design 

Application 

Construction 

Earth Movers 

High Voltage Phenomenon 

Sales 

Electric Power 

Transformers 

Stress Analysis 


Mining 

Crushers 

Nucleonics 


Nuclear Power 

Reactors 

Electronics 


Paper 

Control 

Hydraulics 


Petroleum 

Pumps 

Motors 

Steam Turbines 

Acoustics 

Thermodynamics 


An outstanding training program, started in 1904, 
is designed to help you find the activity within 
these groupings for which you are best suited. Up 
to two years of theoretical and practical training 
are offered. Direct employment at Allis-Chalmers 


is available for those with sufficient background. 

Learn more about Allis-Chalmers and its train¬ 
ing program. Ask the A-C district office manager in 
your area or write Allis-Chalmers, Graduate Train¬ 
ing Section, Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS 
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CONDUCTORS 


HYVOLT 


INSULATION 


CONDUCTOR 
SHIELDING 
TAPE 


SEMI-CONDUCTING 

TAPE 


RUBBER 


FILLED 

TAPE 


NEOPRENE 

SHEATH 


FOR MORE AMPERES PER DOLLAR OF INSTALLED COST 

CRESCENT HYVOLT insulation is made from butyl rubber which is inherently resistant to 
ozone, heat, moisture and aging with excellent electrical characteristics. For 5000 Volt 
or higher service, HYVOLT cables are provided with shielding to protect them from surface 
burning, corona, and lightning surges. 



CRESCENT INSULATED WIRE & CABLE CO. 

TRENTON, N. J. 


Govern 

70 

TEARS 










Compressors and Blowers 


Design and research engi¬ 
neers at Ingersoii-Rand’s 
Phill ipsburg, N. J., plant, 
conduct a vacuum test on 
the shell of a large condens¬ 
er, measuring milh'onth-of- 
an-inch stretches and deflec¬ 
tions at 104 points, to check 
calculated stresses. 


Here’s What Condenser Engineering 
at Ingersoll-Rand can mean to you... 


Centrifugal Pumps 


Steam condensation plays a vital role in 
every steam power plant, or wherever con¬ 
densing steam turbines are used throughout 
industry. Linking the turbine exhaust to the 
steam generator, the condenser completes 
the steam-water cycle—conserves boiler-feed 
water and lowers the turbine exhaust pres¬ 
sure to improve efficiency. Although basically 
simple in construction and operation, the 
steam condenser is one of the most highly 
engineered of all I-R products — every unit 
designed for its specific application. Hence 
condenser engineering at Ingersoll-Rand of¬ 


fers exceptional opportunities for accom¬ 
plishment. 

Ingersoll-Rand is also a recognized leader 
in the design and manufacture of the special¬ 
ized industrial equipment shown at the right 
— all requiring a high order of engineering. 

If you are looking for a leadership career 
with long range job security and excellent 
opportunities for advancement, you’ll find it 
at Ingersoll-Rand. For further details, contact 
your placement office, or write to Ingersoll- 
Rand, 11 Broadway, New York 4. 


OPPORTUNITIES FOR ENGINEERS 

Sales Engineering • Production Engineering 

Design Engineering • Business Engineering 

Ingersoll-Rand 

11 Broadway, Now York A. N. Y, 




Air & Electric Teels 



Diesel & Gas Engines 
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Personals . . . continued 
1946 

Richard St. Tunnell. MS, was promoted 
to the rank of Captain in February while 
serving as commanding officer of the Naval 
Air Test Facility at the Naval Air Station 
iri Lakehurst, NJ. He came to Lakehurst 
in March, 1955. from the Bureau of Aero¬ 
nautics in Washington. T.I.C., to establish 
the Naval Air Test Facility. 

1947 

David R. tipper mart, formerly instructor 
in, the college of engineering at the Univer¬ 
sity of Illinois, is now assistant dean of 
the department. 

Milton D. Van. Dyke. MS, PhD '49, an 
aeronautical research scientist at the Antes 
Aeronautical Laboratory (National Advis¬ 
ory Committee for Aeronautics) at Moffat 
Field. California, recently reported on a 
new method of solving the so-called “bliint- 
Itody problem” critical in the design of 
ballistic missile*. His contribution to the 
technique is a mathematical process that 
can be handled by automatic computation 
machinery, which opens new possibilities 
for improving the design of missile nose 
cones. Milton has been with the NACA 
Ames Laboratory since 1943. The Van 
Dykes live in Los Altos and have two sons. 

John P. Craven, MS, contract research 
administrator at the Navy's David Taylor 


Model Basin in Washington, was nomi¬ 
nated for “special recognition'' by the 
District of Columbia Council of Engineer- 
ing and Architectural Societies during 
the 1958 Engineers and Architects Day 
Observance in February. John has been 
attending George Washington University 
Law School at night and is Completing 
work for his TLB degree this spring. 

1948 

Tom Tracv, industrial sales manager for 
the Minneapolis-Honeywell Regulator Com¬ 
pany in Los Angeles, and secretary for the 
Class of 1948, writes that “the class will 
hold its first reunion at the Annual Alumni 
Meeting at the Rodger Young Auditorium 
on June 11. Many members of the class 
have expressed interest in activities in ad¬ 
dition to the June meeting so I’m planning 
a cpiestionnaire to get an inventory of what 
pertinent things have happened in these 
ten years. If any of the class plan a trip 
to California or want to get a regional 
reunion going—or if anyone has names 
of those who might not get the question¬ 
naire—please write me at 1640 Amberwood 
Drive. South Pasadena, Calif. Or phone, 
rne at work (R4. 3-66111 or at home (SV. 
9-3394).” 

1952 

Richard S. It inkier is now in Den Haag, 


Holland, working with Aratnco as a design 
engineer, and expects to be abroad for 
five more years. He will be married to 
Andrea Maze! of Den Haag on June 21. 

1954 

John C. Day is now art applied science 
representative for IBM, specializing in the 
application of digital computers to scien¬ 
tific and engineering problems. John was 
formerly a lieutenant in the U.S. Air Force 
in El Centro. The Days live in Anaheim 
and have a two-year-old daughter. 

Kenneth !). Johnson, PhD, is now staff 
assistant to the vice president of the At¬ 
lantic Research Corporation in Alexandria, 
Va. He was formerly vice president of the 
Albert L. Chaney Chemical Laboratory, Inc. 
in Glendale, Calif. 

Manuel Mar den. .MS ’55, structural de¬ 
signer for Ropp & Ropp, structural engi¬ 
neers in Los Angeles, announced the ar¬ 
rival of a sort. Darryl Edward, on March 
14. 

James A. Pinkerton, graduate student at 
Harvard University in Cambridge. Mass., 
writes: “We have added three new mem¬ 
bers to our family—James, Jr., Agamem¬ 
non and Tphigenia: the latter two being 
white mice. These three are in addition 
to the dog, Geoffrey, whose arrival was 
announced in F.&S in May, 1957."' 

1955 

Lt. John L. Ihmsakt r. U.S. Air Force, 
has Keen working on the “Perhapsatron" at 
Los Alamos for the past year. Next Sep¬ 
tember. hell he hark at Caltech to work 
for his PhD in nuclear physics. 

Lloyd F. Rest. MS. geologist with the 
California Company in New Orleans, an¬ 
nounced the birth of his first child. Glenn 
Hubbard, on Dei ember 20. 1957. Lloyd is 
now assigned to the geophysics section of 
the company, dealing with magnetic re¬ 
cording of seismic- data. 

1956 

Jan L. Arps writes: “I’ve been working 
in Franklin. Alabama as an exploitation 
engineer for the Shell Oil Company for 
the past year. On October 20, 1957 our 
first wedding anniversary—my wife, Peggy, 
gave birth to a son. John Eric, who is 
developing into a blond, blue-eyed scent 
-dealer. Around September, Shell is-vacat¬ 
ing its offices in Franklin and transferring 
to Lafayette, La. Was recently visited by 

(/ Hit hols. ‘55. who was returning to 
California from a six-fnnrith session at Oak- 
Ridge, Term.” 

Eugene A. Nelson writes: “My wife arid 
I are proud to announce that we are now 
the parents of a daughter—Lynn Deborah 
—horn on September 15. 1957. in Pensa¬ 
cola. Fla., where I was stationed during 
flight training in the Navy Air Force. I 
am presently employed as sit engineering 
geologist by the State of California.” 
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“Where performance and long life are vital 



FAFNIR @ \ 

MINIATURE BALL BEARINGS 


Manufactured of extra-clean, vacuum melt, 4 IOC 
stainless steel, Fafnir Miniature Ball Bearings were 
developed for precision instrument applications for 
missiles and industrial uses where performance and 
long life are vital. 

Chances of pits or imperfections' in the raceways 
are eliminated . . . superior race finishes make super¬ 
sensitive bearings with low torque values. Bearings 
are made to aBEC- 5 tolerances or better, and are 
equipped with separately designed retainers for cor¬ 
rect balance. 

Development of this miniature series is another 
example of the key role Fafnir plays in meeting the 
increasingly complex needs of industry. The Fafnir 
Bearing Company. New Britain, Connecticut. 


BALL BEARINGS 


MOST COMPLETE I 


\ LINE IN AMERICA 


In bearing engineering or 
engineering sales, Fafnir 
offers you a field of work 
as wide and varied as In¬ 
dustry itself. 

You will find, too, that 
bearing research, devel¬ 
opment, and application 
keep you constantly at 
the forefronts of indus¬ 
trial and technological 
progress. 

Investigate this excellent 
opportunity for a profes¬ 
sional career offering such 
diversity and challenge. 
V/rite The Fafnir Bear¬ 
ing Company, New Brit¬ 
ain, Connecticut. 







REPORT FROM RYAN 



Creates Wide Opportunity for Eng 


Adds New Punch to Airpower 


Washington—Unveiled in an unpre¬ 
cedented flight at the Pentagon, the 
Ryan X-13 Vertijet gave military 
officials a glimpse of the future of air- 
power, Like a huge bat, the Vertijet 
unhooked itself from its nose cable, 
hovered vertically, then whipped over 
info horizontal flight and roared out of 
sight. 

World’s first jet VTOL aircraft, the 
Vertijet combines the flashing perform¬ 
ance of jet power with the mobility of 
missile launching. It frees supersonic 
airpower from runways and airports. 
Without landing gear, flaps, actuators, 
the X-13 concept means less weight — 
more performance in speed and climb. 

In the words of a top Air Force 
General, “The Vertijet has provided 
military planners with a new capability 
for manned aircraft of the future.” 

Achieved in close cooperation with 
the Air Force and Navy, the Vertijet is 
based upon Ryan’s unsurpassed 2/4 


million manhours of research, develop¬ 
ment, and test in VTOL aircraft. 

Navy, Army 
to Use New Ryan 
Navigator 

San Diego—Navy aircraft —piston 
engine, jets and helicopters will soon be 
equipped with Ryan lightweight auto¬ 
matic navigators and ground velocity 
indicators. Lightest, simplest, most 
reliable, most compact of their type, 
these systems are self-contained and 
based on continuous-wave radar. 

The navigators provide pilots with 
required data such as latitude, longi¬ 
tude, ground speed and track, drift 
angle, wind speed and direction, ground 
miles covered and course and distance 
to destination. Ryan is also developing 
guidance systems for supersonic missiles. 


San Diego —Nearly $20 million worth 
of Ryan Firebee jet drone missiles have 
been ordered by the Air Force and Navy 
in 1957. In operational use, the Firebee 
is the nation’s most realistic “enemy” 
target for evaluating the performance of 
air-to-air and ground-to-air missiles. It 
possesses the high speed, altitude, 
maneuverability and extended duration 
needed to simulate “enemy” intercept 
problems. 

America’s number-one jet drone, the 
Firebee is another example of Ryan’s 
skill in blending aerodynamic, jet pro¬ 
pulsion and electronics knowledge to 
meet a challenging problem... answer a 
vital military need. 

|- 

| Ryan has immediate career 

openings for engineers 

j Look to the future. Look to Ryan ... where you can 
I grow with an aggressive, forward-looking company. 
| You'll find a variety of stimulating projects. Ryan 
j engages In all three elements of modern flight— 
[ airframes, engines and electronic systems. 

I SEND FOR RYAN’S BROCHURE, "ENGINEERING 

1 OPPORTUNITIES." MAIL THIS COUPON TO: 

j Mr. James Kerns, Engineering Personnel 
J Ryan Aeronautical Company 
I Lindbergh Field, 2736 Harbor Drive 
j San Diego 12, California 
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Gas turbine blades — Needed: 
hot strength up to 1500 F,. 
low coefficient of expansion. 
Which Inch Nickel Alloy . . . 


Ultrasonic drill - Needed: high 
rtiagnetostrictive ability to 
produce ultrasonic vibrations. 
Which Inco Nickel Alloy , . . 


There’s a Metal Problem in your future 
that Inco can help you solve 


Number the picture captions! 

S “S" Monel hard-grade 
nickel-copper cast alloy 

m Inco Nickel 

Pj I “K" Monel age-hardenable 
* ■ ‘ nickel-copper alloy 

s Inconel nickel-chromium alloy 
m Monel nickel-copper alloy 

S Inconel "X” age-hardenable 
nickel-chromium alloy 

| 7 I Monel “403” non-magnetic 
1 nickel-copper alloy 

See answers below 


Oil well drill collar - Needed: 

non-magnetic metal with high 
strength. Which Inco Nickel 
Alloy... y 


Jet engine flame tube- Need ed: 

oxidation and corrosion resist¬ 
ance at jet engine temperatures. 
Which Inco Nickel Alloy. . . J 


Radar platform “leggings” - 

Needed : resistance to abra¬ 
sion and marine corrosion. 
Which Inco Nickel Alloy,, . f 


Submarine cable sheathing - 

Needed: non-magnetic metal 
resistant to marine corrosion. 
Which Inco Nickel Alloy ... ^ 


Shaft sleeve for salt water 
pump - N eeded: entra-hard 
casting alloy that resists 
corrosfbh. Which one ... f 


In the meantime , see if you can tell which Inco Nickel Alloy 
proved to be the answer to these problems. 


You may have to take this kind of 
quiz again. You may be designing a 
machine which requires a metal that 
resists corrosion ... or wear ... or 
high temperatures. Or one that meets 
some destructive combination of con¬ 
ditions. 

When you start to design equip¬ 


ment, you will have to select the 
proper material to meet given service 
conditions. Over the years, Inco De¬ 
velopment and Research has success¬ 
fully solved many metal problems, 
and has compiled a wealth of infor¬ 
mation to help you. 

For more on special problems solved 


with Inco Alloys, send for “Standard 
Alloys.” Write The International 
Nickel Company. Inc., Dept. 00. New 
York 5, N. Y. 

The International Nickel Company, Inc. 
New York 5, N. Y. 








NEW CHICAGO SUN-TIMES BUILDING 

equipped with long-lasting , 
dependable JENKINS VALVES 

In advanced planning, as in location and design, the new 
Sun-Times Building is front-page news. For this is the first 
project to be completed in a development which will trans¬ 
form the area north of Chicago’s Loop into a city of the future. 

There can be only one basis for selecting physical equip¬ 
ment for such a plant: the ability to perform efficiently and 
economically for years. This is why Jenkins Valves are 
standard on all plumbing, heating and air conditioning lines 
in the block-long structure. 

The extra measure of performance and reliability built 
into Jenkins Valves has for generations assured long oper¬ 
ating life and low maintenance cost. That’s well to remember 
when you specify valves . . . especially since the valves that 
bear the famous Jenkins Diamond mark cost no more. 
Jenkins Bros., 100 Park Avenue, New York 17. 

Sold Through Leading Distributors Everywhere 


Owner: Field Enterprises, Inc, 

Archiiects-Engineers: Is&Ess and Murphy 
General Contractor: George A. Fuller Company 
Plumbing Contractors: G. F. Connelly Co. 

Heating Contractors: Kroeschell Engineering Co. 

Air Conditioning Contractors: William A. Pope Company 



10” Fig. 651-A Jenkins Iron Body Gate Valve, fitted with 
by-pass, on suction line of pump which supplies Chicago 
River Water as condenser water and process water for type 
foundry requirements. 


JENKINS 

. . IOOJ?»R THE JENKINS MAI 


VALVE S 
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CALTECH CALENDAR 


Alumni Events 

June 11 Annual Meeting 

Rodger Young Auditorium 

June 28 Annual Picnic 

Knott's Berry Farm 


Athletic Schedule 


BASEBALL 

April 19 

Porriona-Claremont 
at Caltech 
April 23 

Redlands at Caltech 
April 26 

Whittier at Whittier 
April 30 

Occidental at Occidental 
May 3 

Redlands at Redlands 

TENNIS 

April 1 $ 

Santa Barbara at Caltech 
April 19 

Pomona-ClaremOht 
at Claremortt 
April 23 

Redlands at Caltech 
May 3 

Whittier at Caltech 


TRACK 

April 19 

Pomona-Clareffiont 
at Claremont 
April 23 

Whittier at Caltech 
April 26 

Cal Poly (Pom.) & Westmont 
at Caltech 
Moy 2 

All-Conference at Occidental 

GOLF 

April 18 

UC, Riverside at Caltech 
April 21 

Occidental at Occidental 

May 2 

Pomona-Claremont 
at Claremont 
May 5 

Whittier at Whittier 


Friday Evening 
Demonstration Lectures 

LECTURE HALL 
201 BRIDGE, 7:30 t’.M. 

April 18 

Geologic Time Table— 
by Dr. Gerald Wasserburg 

April 25 

Sex in Viruses— 
by Dr. Franklin Stahl 

May 2 

Radio Astronomy— 
by Professor John BoltOn 

May 9 

How Do Genes Duplicate?— 
by Dr. Matthew Meselson 


SIT RACK AND RELAX 


ALUMNI ASSOCIATION OFFICERS 


/i a 






Let Calmec Manufacturing Company 
Worry About 

Your Metal Parts and Products 


We have Ihe most modern facilities and most 
complete plant to give you the maximum of 
service, whether it is a small part, a large part, 
or a product from your ideas to the shipped article 
direct to your customers, under your name, from 
our plant. 


CALMEC MANUFACTURING CO. 


Robert A. McIntyre, M.S. ’38 


KIrriball 6201 


PRESIDENT 

Willis R. Donahue, '34 

VICE-PRESIDENT 

Edward P. Fleischer, '43 


; SECRETARY 

Donald S. Clark, '29 

TREASURER 

’/Gedtge’yB. yHoiines,. f 38 ’ 


BOARD OF DIRECTORS 

Frank C, Bumb, '51 JohnE.. Fleming, '46. 

L. Fort Eiter, '35 ^Chester W. Lindsay, '35 

John R. Fee, '51 John ,E. Osborn, '39 

Nick T, Ugrin, '34 

ALUMNI CHAPTER OFFICERS 

NEW YORK CHAPTER 

President Frank F, Schecfc, '48 

Pehnie, Edmonds, Morton, Barrows & Taylor 
247 Park Avenue, New York 

Vice President and Treasurer Dudley B. Smith, '45 

Cluet, Peabody & Company, 530 Fifth Aventie, New York 
Secretary E. Morton Holland, ’36 

A, G, Edwards & Sons, 485 Lexington Avenue, New York 

WASHINGTON, D.C. CHAPTER 

President Frank H. Shelton, '49 

Armed Forces Special Weapons Project 

Secretary-Treasurer Richard G. King, '49 

Applied Physics. Laboratory, Joiiiis Hopkins University 
Silver Springs, Maryland 

SAN FRANCISCO CHAPTER 

President Donald E. Loeffler, '40 

Shell Oil Company, Martinez 

Vice-President . 

Chemical Division, Standard Oil Co., Richmond 
Secretary-Treasurer Merman Bui man, ’52 

Shell Oil Company, Martinez 
Meetings; Informal luncheons every Thursday 

Fraternity Club, 345-Bush-Si.Sah.lErancisco • 


Donald E. Loeilier, 


Charles M, Herd, 


5825 District Blvd, 


Los Angeles 22, Calif. 


; Fraternity Club, 345 Bush-Si.’, ’San Francisco 

CHICAGO CHAPTER 

Secretary-Treasurer ■ '' La ' wren c e" ; H No bl es ," 

Northwestern University, Evanston 

SACRAMENTO CHAPTER 

President . Charles M, Herd, 

State Division of Architecture,, 1120 “N" St. 

Vice President Kenneth M. Fenwick, 

State Division of Highways, 1120 "M" St. 

Secretary-Treasurer Joseph A. Dobrowolski, 

Portland Cement Association 

Meetings: Luncheon first Friday of each month. 

University Club, 1319 "K" St., Sacramento 

SAN DIEGO CHAPTER 

Chairman Maurice B. Ross, 

3040 Udal Street, San Diego 6, Calif. 

Secretary Frank John Dore,, Jr;.-, - 

Consolidated Vult.ee Aircraft Corp., San Diego 
Program Chairman Herman S. Englander, 

U. 5. Navy Electronics Laboratory ; •. ’ 


Maurice B. Ross, 


Engineering | and | Science 












1.000 styles — 750 stores — yet photography 
gives headquarters inventory figures overnight 


Thom McAn ends ten-day hand-copying jobs with 
Kodak’s Verifax Copier—now gets complicated 
sales, size and style data olT in a day. 


B efore, when Thom McAn’s mer¬ 
chandise manager or stylist 
needed word on sales or style trends 
in certain stores, it took as much as 
ten days to hand-copy the records. 

But today, when headquarters lo¬ 
cated in New York requests informa¬ 
tion on any shoe sty le or store, tire 
New England merchandising center 
gets the latest facts and figures away 
in that night’s mail. And styling, buy¬ 
ing and distributing functions get 
24-hour—instead of ten-day —service 


on vital stock allotment statistics. 

This is because the facts, kept on 
files of removable panels and cards, 
can be slipped into a Kodak Verifax 
Copier and copied, photographically 
accurate, in a minute. 

Photocopying is just one of hun¬ 
dreds of ways photography works to¬ 
day for all kinds of businesses, large 
and small. It helps with product de¬ 
sign, takes kinks out of production, 
increases sales, improves customer 
and personnel relations. 



Thom McAn calls the Verifax Copier 
“the kingpin of the allotment control sys¬ 
tem.” It copies a store’s style allotment 
records and width breakdowns and in 
less than 60 seconds lias a dry print ready 
for the mails. 



EASTMAN KODAK COMPANY, Rochester 4, N. Y. 


CAREERS WITH KODAK 


With photography and photographic proc¬ 
esses becoming increasingly important in the 
business and industry of tomorrow, there are 
new and challenging opportunities at Kodak 
in research, engineering, electronics, design 


and production. If you are looking for such an 
interesting opportunity, write for information 
about careers with Kodak. Address: Business 
and Technical Personnel Dept., Eastman 
Kodak Company, Rochester 4, X. Y. 









Where do you find better advancement 
opportunities—in a large company or a 
small one? To help you, the college 
student, resolve that problem, Mr. Abbott 
answers the following questions con¬ 
cerning advancement opportunities in 
engineering, manufacturing and tech¬ 
nical marketing at General Electric. 

Q. In a large Company such as General 
Electric, how can you assure that every 
man deserving of recognition will get it? 
Don't some capable people become lost? 

A. No, they don’t. And it’s be¬ 
cause of the way G.E. has been 
organized. By decentralizing into 
more than a hundred smaller oper¬ 
ating departments, we’ve been able 
to pinpoint both authority and re¬ 
sponsibility. Our products are engi¬ 
neered, manufactured and marketed 
by many departments comparable 
to small companies. Since each is 
completely responsible for its success 
and profitability, each individual 
within the department has a defined 
share of that responsibility. There¬ 
fore, outstanding performance is 
readily recognized. 

Q. If that's the case, are opportunities 
for advancement limited to openings 
within the department? 

A. Not at all. That’s one of the 
advantages of our decentralized 
organization. It creates small oper¬ 
ations that individuals can “get their 
arms around”, and still reserves and 
enhances the inherent advantages of 
a large company. Widely diverse 
opportunities and promotions are 
available on a Company-wide basis. 

Q. But how does a department find the 
best man. Company-wide? 

A. We’ve developed personnel reg¬ 
isters to assure that the best quali¬ 
fied men for the job are not over¬ 
looked. The registers contain com¬ 


One of a series * 


Interview with General Electric’s 

Earl G. Abbott 

Manager — Sales Training 


Advancement in a Large 
Company: How it Works 


plete appraisals of professional em¬ 
ployees. They enable a manager to 
make a thorough and objective 
search of the entire General Electric 
Company and come up with the 
man best qualified for the job. 

Q. How do advancement opportunities 
for technical graduates stack-up with 
those of other graduates? 

A. Very well. General Electric is 
recognized as a Company with out¬ 
standing technical skills and facili¬ 
ties. One out of every thirteen em¬ 
ployees is a scientist or engineer. 
And approximately 50 per cent of 
our Department General Managers 
have technical backgrounds. 

Q. How about speed of advancement? 
Is G.E. a “young man’s Company”? 

A. Definitely. A majority of all 
supervisors, managers and outstand¬ 
ing individual contributors working 
in the engineering function are below 
the age of forty. We believe that a 
job should be one for which you are 
qualified, but above all it should be 
one that challenges your ability. As 
you master one job we feel that 
consideration should be given to 
moving you to a position of greater 
responsibility. This is working, for 
in the professional field, one out of 
four of our people are in positions of 
greater responsibility today than 
they were a year ago. 

Q. Some men want to remain in a 
specialized technical job rather than go 
into managerial work. How does this 
affect their advancement? 

A. At G.E. there are many paths 
which lead to higher positions of 
recognition and prestige. Every man 
is essentially free to select the course 
which best fits both his abilities and 
interests. Furthermore, he may mod¬ 
ify that course if his interests change 


as his career progresses. Along any 
of these paths he may advance 
within the Company to very high 
levels of recognition and salary. 

Q. What aids to advancement does 
General Electric provide? 

A. We believe that it’s just sound 
business policy to provide a stimu¬ 
lating climate for personal develop¬ 
ment. As the individual develops, 
through his own efforts, the Com¬ 
pany benefits from his contributions. 
General Electric has done much to 
provide the right kind of opportu¬ 
nity for its employees. Outstanding 
college graduates are given graduate 
study aid through the G-E Honors 
Program and Tuition Refund Pro¬ 
gram. Technical graduates entering 
the Engineering, Manufacturing, or 
Technical Marketing Programs start 
with on-the-job training and related 
study as preparation for more re¬ 
sponsible positions. Throughout 
their G-E careers they receive fre¬ 
quent appraisals as a guide for self 
development. Company-conducted 
courses are offered again at all 
levels of the organization. These 
help professionals gain the increas¬ 
ingly higher levels of education 
demanded by the complexities of 
modern business. Our goal is to see 
every man advance to the full limits 
of his capabilities. 

If you have other questions or want 
information on our programs for 
technical graduates, write to E. G. 
Abbott, Section 959-9, General 
Electric Co., Schenectady 5, N. Y. 


*LOOK FOR other interviews dis¬ 
cussing: • Qualities We Look For 
in Young Engineers • Personal 
Development • Salary. 
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